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Model 160, twine or 
wire. Available with V- 
type engine shown 

on baler, powerful Case 
engine shown below 

or PTO drive. 


~ New More Powerful Air-Cooled Engine 


Double-plunger action of Case 160 and 140 balers _—knotters with exclusive offset bill-hook. Owners re- 


puts a “one-two punch” into slicing and compress- port a thousand and more bales without a miss. 
ing, pushes out amazing tonnage of compact, well- Unit-frame mounting of knotter or wire twister 
formed bales. Case 4-cylinder axial-flow air-cooled holds parts in precise alignment, protected from 
engine provides higher peak capacity, long life, | warping strain in rough going. Big, closed-drum 
low upkeep. Wire models make only one tie per pick-up adjusts from tractor seat to save hay, skip 
wire, tuck ends down, leave no wire clippings, no trash. Gentle handling saves protein-rich leaves. 
slack. Twine models have super-simple, sure-tie Big tonnage saves time that means money. 
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New 133 twine baler has 26-inch Case 140 big-tonnage baler makes New heavy-duty NAP-3 baler makes 


stroke, six hay dogs, for firm 14x18 14x18 sliced bales of uniform, yet compact 17x22 bales. Only one tie 
bales in fewer strokes. Same sure-tie widely variable length. Twine or in each of three wires; ends are tucked 
knotter as larger models. Choice of wire tie. Case air-cooled engine, down, no clippings. Case water- 
PTO or air-cooled engine. V-type engine, or PTO drive. cooled engine. Has starter and lights. 


> ————————— 


(a Mail for Full Story on Balers 


New Case Crop-Way Purchase Plan enables you to buy 
machines when you need them, arranges later payments 
at times when you have money coming in. Also ask your 
Case dealer about the optional ownership plan on balers. 


J. I. 


Let us send you pictorial catalogs on machines you check 
below, also others you may write in margin. Address 
J. 1. Case Co., Dept. C-617, Racine, Wis. 


0 160 Balers, 16x18 0 133 Baler, 14x18 
0 140 Balers, 14x18 CO NAP-3 Balers, 17x22 


spe ae Name eM 
3.1. CASE COMPANY RACINE, WISCONSIN Address 
You make farming a more profitable business when you } 
choose and use full-line Case tractors, balers, combines, 
and other machines. Ressnenenemennaemenenenanell 
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Can You Find the Solution to a Chain Problem? 


If you need help to find the answer to the chain problems 
of equipment design, the complete CHAIN Belt Line of ag- 
ricultural implement chains has your economical answer. 

Because CHAIN Belt has always stayed abreast...even 
ahead of your needs... you can find the answer you want 
in this complete line. And, CHAIN Belt engineers are 
constantly studying chain application problems of agri- 


cultural implements. Many new developments have been 
completed...more are under way. 

Why not be sure you have the up-to-date solutions for 
your chain problems? Consult your CHAIN Belt District 
Sales Engineer or write CHAIN Belt Company, 4680 W. 
Greenfield Ave., Milwaukee 1, Wis. 


CHAIRS] BELT COMPANY 


1957 * MARCH * AGRICULTURAL ENGINEERING 


MILWAUKEE 1, WISCONSIN 


For more facts circle No. 60 on reply card 139 


~ Ea FE UN Oe ee ee” Se ry ay eve Yas 2, FCO Se Se ye) RE ae ‘2 a oe 
| EE ee oe ee Aina } paige 4s, Sa ce ae ia : i i e. 
; ’ TET Et TE Ss Coe : easy et Eas j ites 7 
SV a ee reemunng RMA PL oad 8 4 Geet Bice & : 
— F RE RR Ee» rae bt a alec. «9 ach Ven OA NE z taale £- Snes ee a TO per Me eS y ae ia = fs 
ii icp . 
Se 
‘ ei 25 Jee = — a = - aa a = 
ae 0 OARS 2 Aig , i 
7 oataet set . ae ‘ Gin peered, - 
ts Po Bae soe. Dy, 
ae Vier : ' , 
rh Re Sees Es $ an e 
Deas a 
mn ete , é: , 
Ae SoS ee f 
ee: oo 
ee pene # 
aera A ’ 
ae ms e : id oe s % _ : ° 
gee eA. a, 
es S 
aes # on ms 
ee 8 ‘ 
pats i a te Eee ie ta 
ie — - ™% 4 | 
igi F 4 ¥ 
— «(| . a, \q 
Pili , Z ed Fi , 
ila ‘ ee ; ; : éd > P 
eli im ; : j 3 on : 3 
oe ‘ x * - 
— ' . | q 
oN 8 | : — dies aa 
Se ¢ “ : y 4 “d : ' : al 
Pet. bg e ‘. ry < mi , - - 
2 “Tag és ; ane» a 
yap a iti £: me : a 
oe : , . 4 ee 2 F 
e ; z a . . c 
=e % : wt a 
By ty ’ . me a 
Mo a age 
Birk , ; , 4 fi 
bes : ee - Z 
Vie i . 2 { ; a oe 
ie & f p 4 P 
ia ie " r as 2 ws 
ete y P z 54 ‘ 
ee 3 ; tag Se ahee 
ae . eis = > 
a ee Ln ts _ 4 
ee 4 ae # aa 5 
i qi ; e ‘ee 
rc ; 9 af 
eg | . F “te es 
ony 7 Fy. by ay. 
: : * c c ee 
fee ‘ * a 7. 
ee ss j es eh 
a % i bee cay 
vate = ; ‘ agi " ? 
ee es Ss 4 a f 
ee a ea. : 
saat x i . a po. an 
Ae TE i GaP ” 
ae tee : ae 
= ; . Sat j 
M lee SS. 
: os! eae eee oo glee ial 
Bes] ta Pe, . faci ial 
aoe orn . 
Be oy Ce : 
oe ais 
ae ee 
“tr 25) 
ps b 
be ay 
a 
gk é 
pr 
co: aS : 
ce 
BS 
en 
malt 
: ee a 
Bis 
aoe 4 
ae 
aoe 
. ee 
1 
% ES 
a 


Agricultural Engineering 
Established 1920 


CONTENTS ° 


Editorial 


MARCH, 1957 ° 


Vol. 38, No. 3 


161 

Needed: A Substitute fora Team of Mules . . . . 162 
G. B. Gunlogson 

Aids for Determining Runoff Probability . . . . . 164 


Roy G. Andrews 


Predicting Pressure Drop in Pneumatic Conveying of Grains 168 
J. W. Crane and W. M. Carleton 


Properties of Straight-Sided Spline Section on a 


R. Bruce Hopkins 
Bolted Plywood Gussets . 


L. M. Staley and L. W. Neubaver 


ASAE Committee Reports 
News Section 

Technical Paper Abstracts 
Readers’ Forum . 

New Products 
Manufacturers’ Literature 


Index to Advertisers . 


174 


177 
180 
181 
186 
188 
193 
206 


Note: AGRICULTURAL ENGINEERING is regularly indexed by Engineering 
Index and by Agricultural Index. Volumes of AGRICULTURAL ENGINEER- 
ING, in microfilm form, are available (beginning with Vol. 32, 1951) cand 
inquiries concerning purchase should be directed to University Microfilms, 
313 North First Street, Ann Arbor, Michigan. 


AGRICULTURAL ENGINEERING is owned and published monthly by the 
American Society of Agricultural Engineers. Editorial, subscription and 
advertising departments are at the central office of the Society, 420 Main 
St., St. Joseph, Mich. (Telephone: YUkon 3-2700). 


JAMES BASSELMAN, Editor and Publisher 


OFFICERS AND COUNCIL 


‘ American Society of Agricultural Engineers 


ROY BAINER, President 


Vice-Presidents 
Talcott W. Edminster 
Henry J. Barre 
Harold H. Beaty 


Councilors 
David C. Sprague 
George M. Eveleth 
Richard K. Frevert 


Past-Presidents 


Wayne H. Worthington 
George B. Nutt 


JIMMY L. BUTT, Secretary 
RALPH A. PALMER, Treasurer and Assistant Secretary 
RAYMOND OLNEY, Counselor 


Central Office: 420 Main Street, St. Joseph, Michigan 


SUBSCRIPTION PRICE: $5.00 a year, 
plus an extra postage charge to all 
countries to which the second-class 
postage rate does not apply; to 
ASAE members anywhere, $3.00 a 
year. Single copies (current), 50 
cents each. 


POST OFFICE ENTRY: Entered as 
second-class matter, October 28, 
1933, at the post office at Benton 
Harbor, Michigan, under the Act of 
August 24, 1912. Additional entry 
at St. Joseph, Michigan. Acceptance 
for mailing at the special rate of 
postage provided for in Section 
1103, Act of October 3, 1917, au- 
thorized August 11, 1921. 


The American Society of Agricul- 
tural Engineers is not responsible 
for statements and opinions ad- 
vanced in its meetings or printed in 


140 


its publications; they represent the 
views of the individuals to whom 
they are credited and are not bind- 
ing on the society as a whole. 


TITLE: The tithe AGRICULTURAL 
ENGINEERING is registered in the 
United States Patent Office. 


COPYRIGHT: Copyright, 1957, by 
the American Society of Agricul- 
tural Engineers. 


Reprints may be made from this 
publication on condition that full 
credit be given AGRICULTURAL 
ENGINEERING and the author, and 
that date of publication be stated. 


, tte 


symm’? AGRICULTURAL ENGI- 
< © NEERING is a member 
a 'z of the Audit Bureau of 
4 o Circulations. 


s 
Curat 


Cotton Leader Retires 

Charles A. Bennett (ASAE Fellow) retired February 28 
after more than 30 years of service with the U.S. Depart- 
ment of Agriculture. “Uncle Charlie’ as he is affectionately 
known by friends in the cotton industry, is recognized as one 
of the cotton experts of the world and was awarded the 
Cyrus Hall McCormick Medal by _ 
ASAE in 1945 and the USDA Dis- Gm 
tinguished Service Award in 1952. He ‘ liens 

is called the father of the modern and ¥ , 
a S)/ 


Sr 


=) 


improved ginning, cleaning and drying 
methods for cotton. At the time of his 
retirement he was principal agricultural 
engineer for cotton ginning investiga- 
tions. 

Mr. Bennett was born in 1889 at 
Tecumseh, Nebr. In 1911 he gradu- 
ated from the University of Nebraska with a B.S. degree in 
mechanical engineering. Immediately following graduation 
he became a draftsman for the Omaha Light & Power Co. 
Until 1926, when he joined the USDA to handle a research 
project for the development of seed cotton drying methods 
and cotton gin equipment, he held positions with the Omaha 
Machine Works, Anderson and Bennett, U. S. Navy Yard in 
Puget Sound, and American Liquid Meter Co. 


From 1930 to 1951 he was engineer-in-charge of the 
Cotton Ginning Research Laboratory in Stoneville, Miss., 
and later became regional engineer for four cotton ginning 
research laboratories and for cooperative work at Shafter, 
Calif., and other USDA cotton field stations. 


He developed a drying apparatus and made numerous 
improvements in methods and equipment for handling, 
drying, cleaning, storing, extracting, ginning, and packaging 
of cotton. 

He obtained public patents for free use by the people on 


cotton drying processes, cotton cleaning devices, insect kill- 
ing devices, etc. 


C. A. BENNETT 


A rather comical coincidence exists in connection with 
his work with dryers. His grandmother, uncle and brother 
had been given the middle name of ‘‘Dryer’’. Although he 
had not been so-named, he suggests that it might account for 
one of the reasons why he has been so interested in the 
subject of dryers. 

In 1946 he was presented the Bronze Distinguished Serv- 
ice Medal by the University of Nebraska as an outstanding 
alumnus for his leadership in engineering achievement in 
the cotton industry. He received an Award Certificate from 
the Texas Cotton Ginners’ Association, in 1949, for the pro- 
fessional engineering contributions made to the art of gin- 
ning, and in 1956 he received a certificate in recognition of 
the completion of thirty years of service in the U.S. Depart- 
ment of Agriculture. 

Besides his contributions to agriculture, he has been 
active in the Masonic Lodge and other civic organizations. 
He is a 33 degree Honorary Mason in the Southern Jurisdic- 
tion of the Ancient and Accepted Scottish Rite, an honor 
which was accorded him in Mississippi in 1941. He has 
been a member of the Lodge Building Committee of the 
Grand Lodge of Mississippi since 1937. 


His new address is 3202 Peck Ave., San Pedro, Calif. 
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Micronic® element gives you 


10 times more filtration area 
for full engine protection 


Pull out Purolator’s accordion design and you'll see how 
Purolator packs 10 times more filtration area into its 
element than most filters. You'll find it provides maxi- 
mum filtering area in minimum space, assuring full engine 
protection as no other filter can. 

Controlled porosity of Purolator’s Micronic® element 
filters out particles as small as .000039 of an inch, yet 
never removes costly additives in heavy-duty or deter- 
gent oils and never channels. The Micronic® element, 
made of plastic-impregnated cellulose, isn’t affected by 
engine temperature, crankcase dilution, or water. 

Engine manufacturers have proved time and time 
again that these wear-reducing features make an engine 
perform better and last longer. Find out how they can 


PUROLATOR PRODUCTS INC., Rahway, N. J., and Toronto, Ontario, Canada 
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do the same job for you. Write for our new 32-page 
“Filtration Manual for Product Designers”—and please 
enclose 25¢ to cover postage and handling. Address 
Dept. A4-312. 


Filtration For Every Known Fluid 


PURQLATOR 


PRODUCTS, INC. 


Rahway, New Jersey and Toronto, Ontario, Canada 
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Let all these sealing engineers help 
you design-in oil seals 


Why “do it yourself?” Why chance the wrong 
seal? Why risk costly retooling or remanufacture 
because an unforeseen condition rendered an oil 
seal helpless? 


The finest oil seal counsel anywhere is yours 
for the asking. Just pick up the phone and call 
the nearest National Oil Seal Engineering office. 
You’ll get complete, current information on new- 
est seal developments, plus the help of the entire 


NATIONAL SEAL 
DIVISION, Federal-Mogul-Bower Bearings, Inc. 


GENERAL OFFICES: Redwood City, California 
PLANTS: Van Wert, Ohio and Redwood City, California 


National Oil Seal Engineering group. Field and 
factory, these men devote their entire lives to 
seals. They have seen literally thousands of seal- 
ing problems through to a successful solution. 


Let National’s three decades of sealing expe- 
rience help you. Call now. 


Specify seals at the drawing-board stage—always! 


3959 


CHICAGO, ILL. 


Detroit, MICH. 
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Room 462, McCormick Building, HArrison 7-5163 
CLEVELAND, OHI0 . 210 Heights Rockefeller Bidg., YEllowstone 2-2720 
13836 Puritan Avenue, VErmont 6-1909 


INDIANAPOLIS, INDIANA . 
MILWAUKEE, WIs. 
NEWARK, N. J. 


. 2802 North Delaware St.,WAlnut 3-1535 
647 West Virginia Street, BRoadway 1-3234 
1180 Raymond Bivd., Mitcheil 2-7586 
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The good name of your machine is L sass . . . and quality should be your first 
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JOHN DEERE 45 COM- 
BINE AND No. 10 CORN 


ATTACHMENT incorporate 
Link-Belt precision steel 
roller chain. 


as good as the machine you make? 


Here’s how LINK-BELT matches 
drive and conveying chain to the field 
requirements of your equipment 


HE Link-Belt double-arrow trademark >————< on 

chain means that each link in every length conforms 
to rigid quality and uniformity specifications. And it’s 
your assurance that the drive or conveyor chain speci- 
fied will maintain rated performance and efficiency on 
your machine. 

From the world’s largest chain plant, Link-Belt offers 
you the economies of mass-production . . . represents a 
ready source for all your chain and sprocket needs. For 
prompt service, call your nearby Link-Belt office. 444 


CHAINS AND SPROCKETS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. 
To Serve Industry There Are Link-Belt Plants, Sales Offices, Stock 
Carrying Factory Branch Stores and Distributors in All Principal 
Cities. Export Office, New York 7; Canada, Scarboro (Toronto 13); 
Australia, Marrickville (Sydney), N.S.W.; South Africa, Springs. 
Representatives Throughout the World. 
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COMPLETE LINE of agricul- 
tural chains, sprocket wheels 
and attachments permits cost- 
saving specialization — offers 
right chain for all conveyor 
and drive needs. 


ACCURATE MANUFAC- 
TURE AND CONTINUOUS 
INSPECTION with modern, 


specialized machines allow 
economies of large-scale 
production. Extensive facili- 
ties provide ample capacity 
to meet your production 
schedules. 


LABORATORY CONTROL 
assures you that each chain 
meets rigid uniformity speci- 
fications. Our modern labora- 
tory continuously explores 
new refinements to increase 
chain life. 
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From county to county—in fact, almost 
from farm to farm—planting methods vary 
greatly. The crop, the soil, the acreage, the 
available power—all are factors that influence 
the farmer in choosing the equipment to 
handle his planting jobs. To meet these many 
and varied demands, John Deere not only 
manufactures grain drills in all practical types 
and sizes, but makes each individual drill 
readily adaptable to the exact requirements of 
the individual owner. That’s why farmers the 
world around look to the John Deere line and 


John Deere Fertilizer-Grain Drills, Plain Grain Drills, Press 
Grain Drills, Lister and Mulch-Hoe Grain Drills, and Plow- 
Press Grain Drills are all leaders in their respective areas of use. 


JOHN 


MOLINE, ILL. 
“Wherever Crops Grow, There's a Growing 
Demand for John Deere Farm Equipment 
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... Lheyte lailored to Fit the Farm” 


find there the drill that gives them the kind of 
planting job they seek. 


Of course, in spite of the obvious differences 
in drills, there are some qualities demanded of 
every good drill and which all John Deere 
Drills have in common. Foremost among them 
are planting accuracy, convenient adjust- 
ments, and long life. These are the weighty 
values that seem inevitably to tip the scale of 
farmer opinion in the favor of John Deere 
Grain Drills. 
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ONE OF A SERIES... 


What makes 
Hyatts run 


smoother 


and ilonger 7? 


PROPER LOAD 
DISTRIBUTION 
ON ROLLERS 


In any roller bearing, the design and 
quality of the rollers themselves vitally affect 
the performance of the entire bearing. 

a The distribution of the load, both within the 

roller’s area of contact and across the roller, 

ts | must be expertly engineered. End- 
loading and conditions of misalignment 
can seriously reduce the life of a roller 
bearing. How HYATT minimizes these 
effects is detailed at the right. 


You will find full selection and application 
data in HYATT Catalog 150, or call your 
nearest HYATT Sales Engineer. Hyatt 
Bearings Division, General Motors 
Corporation, Harrison, N.J., Pittsburgh, 
Detroit, Chicago and Oakland, Cal. 
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a 
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et 

HYLOAD ROLLER UNDER MODERATE LOAD 
NO MISALIGNMENT 

rn ete -s APS 


ROLLER CROWNING MINIMIZES EFFECTS 
OF BEARING MISALIGNMENT 


The unit load on any roller is distributed axially in a uniform manner except 
at the ends where crowning has been provided. Figure 1 shows how the 
unit load drops off to zero at the ends of the area of contact. The summation 
of unit loads represented by area “A” is the total roller load. This same load 
under conditions of misalignment (Figure 2) must resuli in an area “B” 
equal to area “A”; but the maximum unit load is considerably greater and 
the misaligned bearing will therefore have a shorter life. However, if the 
same total load is applied to an uncrowned roller in a misaligned bearing, as 
shown in red, a much higher unit load (area “C’”’) results, which would still 
further reduce the life of the bearing. This demonstrates graphically why 
HYATT Hy-Load Series Bearings with roller crowning will run smoother 
and longer under conditions of misalignment. 


NON-SEPARABLE TYPE 


SEPARABLE 
OUTER RACE 


SEPARABLE INNER RACE 


Hiy-ROLL BEARINGS 


FOR MODERN INDUSTRY 
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Report to Readers . . . 


MORE MILLIONS FOR ENGINEERING 
RESEARCH SETS NEW PACE IN 
FARM EQUIPMENT INDUSTRY 


Largest unit in the industry (Harvester), 

as its president, Peter V. Moulder, announced 
to an ASAE meeting audience recently, is 
establishing a farm equipment engineering 
and research center with a laboratory to cost in excess of $5 million to 
house a 1,000-man team of scientists, engineers, and farming specialists 

to spearhead the company's program of bringing out better and ever better 
farm equipment. Other companies in the industry are also moving in the 
same direction. . . . Evidence such as this presages an even faster pace 

in the development of new and improved implements and machines in the years 
immediately ahead than has been true even of the recent past. .. . This 
promising trend is of special significance to that growing list of companies 
that supply many of the essential components used in modern farm machines 


and on whom the industry is so largely dependent in producing products of 
top quality and performance. 


"NEEDED: A SUBSTITUTE Under this title, elsewhere in this issue, G. B. 
FOR A TEAM OF MULES" Gunlogson presents an interesting case for the 
"small" farmer as an important segment in our American 
free-enterprise system — and for more two-mule-power equipment to raise 
the level of his operating efficiency. . . . Mr. Gunlogson concludes with 
this statement: "Various recent developments of methods and materials, 
including air-cooled engines, V-belt drives, etc., may suggest some new 
approaches to the type of engineering we. have in mind. Indeed it presents 
a new challenge for the farm machinery industry." .. . The small farmer 
is as essential to a well-rounded agriculture as is the small businessman 
to the general economy. Agricultural engineers and farm equipment manu- 
facturers can well afford to devote more attention to his requirements, 
if for no other reason than that they represent a large potential market. 


LOOK FOR MORE ATTENTION The practice of land smoothing, or leveling, for 
TO LAND SMOOTHING removing “potholes,” improving drainage, and re- 

ducing damage from erosion, has still not caught 
the popular fancy to any extent among agricultural engineers, but it has 
intriguing possibilities. It is noted that it is being studied by one state 
agricultural experiment station, and there are doubtless others. ... This 
development is a "natural" for agricultural-engineering attention. Also, 
some of the equipment companies are going full speed ahead to develop its 
market possibilities for their products. 


LIQUID FEEDS ENTER First it was liquid fertilizers to come into the lime- 

FARMING PICTURE light; now it's liquid feeds. “Successful Farming" for 
January had a story on it, and comments Engineering 

Editor DeForest: "It may greatly influence livestock feeding, because 

(1) many ingredients that cannot be manufactured, stored or transported in 

ary form can be fed in liquid carrier, (2) cost of manufacturing and storing 

liquid feeds is less, (3) they are easily handled, especially by automatic 

means, and (4) damage from rodents and insects is practically eliminated." 

. e- - All this means new challenges for engineers and manufacturers to 

provide the engineering and equipment necessary for putting the idea to work. 
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EXPANSION OF FARM STORAGE It will be welcome news to manufacturers of storage 
FACILITIES ENCOURAGED structures and structural materials that the USDA 

is encouraging farmers to expand farm-storage 
facilities. It is pointed out that, under present price-support programs, 
farmers may find it economically advantageous to add to or improve farm 
Storages, especially since they can obtain low interest rates on building 
loans up to 80 percent of the cost of a new structure. .. . It is also 
recommended by the USDA that, in planning additional storage, careful con- 
sideration be given to dual-purpose buildings to provide greater flexibility 
in adapting them to farm needs. . .. This will stimulate the demand for 
more information and counsel from agricultural engineers in both industry 
and public agencies to assist farmers with their storage problems. 


NEW AND EASY WAY TO ADJUST What. may develop into a whole new concept in 
FARM MACHINERY farm machinery adjustment is being presented by 

L. W. HURLBUT, University of Nebraska agricul- 
tural engineer, in a series of articles in "Successful Farming", beginning 
with the February issue. The first article shows how alignment of key 
parts to a horizontal surface, and then alignment of secondary parts will 
put the machine in adjustment — the way the engineer designed it. ... 
This work may help to nudge manufacturers into giving more attention to 
improving operator manuals. 


FENCE POSTS: CHEAPER TO "DRIVE" One state agricultural experiment station 
THEM OR "SET" THEM? (North Dakota) is making a comparative 

cost study of two methods of erecting fence 
posts, in which power driving of posts will be compared with setting them 
by the power-auger-and-hand-tamping method. . .. Of course, an unlimited 
variety of ground conditions go along with the job of erecting fence posts. 
The prevailing condition in each case, however, will largely determine 
what method is cheaper — and what equipment is best suited for the work. 
One thing is certain: whatever equipment is used, the farmer will want it 
powered by an internal-combustion engine or an electric motor. .. . This es 
small sector of farm mechanization should prove an attractive market for e.! 
a rather limited number of small manufacturers. * 


HOW ENGINEERS HELP BOOST One top farm-equipment-industry official indirectly 
FARM MACHINERY SALES credited industry engineers when he predicted a 
substantial increase in farm machinery sales this 
coming season. He stated that new and improved products to be introduced 
this year were designed to effect more labor saving, more economy and more 
profit for farmers because of the greater efficiency and capacity of this 
equipment to do the job for which it is intended. . . . For some time the 
heat has been on industry engineering departments to help stem the tide of 
Slumping farm equipment sales, by developing improvements and new equip- 
ment to continue the job of making that “good farmer better." These 
engineers do indeed hold the master key to producing what farmers need and a 
will buy — and they have been using it to unlock the door to improved sales. 


"THAT HE MAY RUN Our "Report to Readers" aims to pinpoint things believed 
THAT READETH IT" to be of current and more than passing interest. Sugges- 
tions of ideas and information to feature are always wel- 
come. They must be kept short and to the point, however, to catch the eye 
of readers on the run, as most readers are these days in trying to keep pace 
with the reams and reams of the printed word daily crossing their desks. 
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TORRINGTON NEEDLE BEARINGS 
come in large sizes too! 


Meeting the needs of designers for 
more compact, higher capacity anti- 
friction bearings in thousands of appli- 
cations, Torrington Needle Bearings 
are made in a range of sizes for shafts 
from %” up to 714” in diameter. 
Several widths are available in most 
sizes to meet different application 
requirements. 

In the large sizes as in the small, 
basic design advantages are the same. 
Unit cost is low and radial load capac- 
ity is greater than any other anti- 
friction bearing of the same size. 


Large Needle Bearings are doing big 
jobs in transmissions, steering gears, 
suspension and starting motors of farm 
tractors and earth-moving machinery. 
They have also been used for many 
years in industrial hydraulic pumps. 

To gain the advantages of the unique 
Torrington Needle Bearing in your 
product, enlist the knowledge and skill 
of our Engineering Department. 


See our New Needle Bearing Catalog 
in the 1956 Sweet’s Product Design File 
—or write direct for a catalog. 


THE TORRINGTON COMPANY 
Torrington, Conn. + South Bend 21, Ind. 
District Offices and Distributors in Principal Cities of United States and Canada 


TORRINGTON BEARINGS 


Needle + Spherical Roller + Tapered Roller + Cylindrical Roller + Ball + Nesdéle Rollers 
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TORRINGTON 
NEEDLE BEARINGS 
Give you these benefits 
¢ low coefficient of starting and 

running friction 
© full complement of rollers 


@ unequalled radial load 
capacity 


© low unit cost 
@ long service life 
© compactness and light weight 


eruns directly on hardened 
shafts 


@ permits use of larger and 
stiffer shafts 
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*FIELD CUTTERS, COMBINES, HAY BALERS, 
FORAGE HARVESTERS, CORN PICKERS 


Many a farm implement is no better than its gear box. That's 
why more and more leading manufacturers of rotary cutters, 
hay balers, combines, forage harvesters and other tools are 
standardizing on WARNER Gear boxes. 
... Every Warner Gear box is designed and engineered to trans- 
‘| mit power efficiently and dependably, to withstand heavy 
shock loads. Built rugged, too—with automotive type gearing 
. . carburized and hardened gears . . . anti-friction bearings 
throughout, individually selected for load... integrally forged 
gear and shaft . . . malleable iron housings when necessary. 
What's more, Warner mass production techniques and fa- 
cilities mean lower costs. So if you have a gear box problem, 
send it to Warner. No obligation, of course. 


WARNER 
AUTOMOTIVE PARTS DIVISION . 


t 


Borg-Warner Corporation 
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Now! Two big ways 1957 IH Tractors put power to better use! 


TRACTION-CONTROL 
FAST-HITCH 


TORQUE AMPLIFIE 


... gives you PULL-POWER second to none! 


Say goodbye to frequent shallow-ups and shiftdowns! Here’s your double- 
barreled answer to tough spots—new Fast-Hitch with Traction-Control, plus 
Torque Amplifier! See how this great combination of ‘‘grip and go”’ gives 

new McCormick® Farmall® 350, 450, and International® 350 Utility 

tractors pull-power out of all proportion to rated horsepower. 
IH Traction-Control Fast-Hitch gives you continuous traction 
that grows with the load! This keeps you plowing full depth 

when others can’t. 

To give your IH tractor its second wind, just pull the Torque 
Amplifier lever. Instantly, without shifting, TA increases 
drawbar pull up to 45%, to keep you plowing non-stop! This 
surging power-punch teamed with ground-gripping traction 
makes you master of the toughest plowing on your farm! 


Call your IH dealer . . . he’ll gladly demonstrate. 
Feel the “grip and go”’ of traction that grows 
with the load and the power-punch of TA. Try 
the new 4-plow Farmall 450. . . 3-plow Farmall 
350, or International 350 Utility. 


See your 
INTERNATIONAL 


>HARVESTER Dealer 


International Harvester products pay for themselves in use—McCormick 
Farm Equipment, Farmall and International Tractors . . . Motor Trucks 
. . « Construction Equipment—General Office, Chicago 1, Illinois 


Outplow them all with the 
“grip and go” of this new 
Farmall 450—pulling a new 
McCormick 4-furrow Fast- 
Hitch plow with individual 
spring trip beams. 


NEW PILOT GUIDE 


At a glance . . . Pilot 
Guide tells plowing 
depth and whether you 
have the right amount of 
weight transfer to match 
soil condition. Try “look- 
ahead” farming! 
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RoBERT and VERNON SMITH operate a 1280-acre wheat farm. 
They developed this “service station on wheels” for fast fueling 
and lubrication of machinery during field work. It carries two 
150-gallon tanks, one for Fire Chief gasoline and the other for 
Diesel Chief fuel. Most important, it has an air compressor for 
lubrication, complete with long hose and fittings. These brothers 
know the value of constant lubrication—their machines are 
greased regularly with MARFAK. 


In addition to having a plentiful supply of MARFAK on the 
field truck, their farm headquarters shop has for eight years 
been fully stocked with other Texaco products. 


Progressive farmers like these, everywhere, have found that 
it pays to farm with Texaco products. 


IN TOWN OR ON THE HIGH- 
WAY-—wherever you drive— 
in all 48 states — you'll find 
Texaco Dealers serve you best. 
High octane Sky Chief gaso- 
line, super-charged with 
Petrox, to assure maximum 
power and cut engine wear... 
famous Fire Chief gasoline 
at the regular price, both 100 
per cent Climate-Controlled. 
Also Advanced Custom-Made 
Havoline Motor Oil and 
Marfak lubricant. 


2 5 REORDER PE Ss a 


P R O D — a oe 
DIVISION OFFICES: Arclanta, Ga.: Boston 16, Mass.; Buffalo 9, N. Y.; Butte, Mont.; Chicago 4, IIL; THE 


Dallas 2, 
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ON FARM AND HIGHWAY IT PAYS TO USE 


Misi 


©} 


Tex.; Denver 3, Colo.; Houston 2, Tex.; Indianapolis 1, Ind.; Los Angeles 15, Calif.; 
Minneapolis 3, Minn.; New Orleans 16, La.; New York 17, N. Y.; Norfolk 2, Va.; Seattle 1, Wash. 


Texaco Products are also distributed in Canada, Latin America, and Africa. 
TUNE IN ... Metropolitan Opera radio broadcasts every Saturday afternoon. See newspaper for time and station. 


“FILLING STATION” for servicing farm 
machinery in the field without waste of 
time is shown here with Robert Smith 
of Ritzville, Washington, and Texaco 
Consignee Paul Meyer. 


| “ 


FRISKY “HAY BURNER” held by B. V. Montgomery 
of near Eaton, Ohio, is admired by Texaco Consignee 
H. J. Miller (second from right), who provides Mr. 
Montgomery with Fire Chief gasoline and always 
dependable, on-time farm service for other Texaco 
products, 


é — ae 
TS. ee eae RT it. Bese 


ADVANCED CUSTOM-MADE HAVOLINE MOTOR OIL 
wearproofs truck, tractor and car engines — gives 
added power, longer engine life, greater gasoline 
mileage. No other oil can match it, regardless of 
price. J. T. Pitts, San Benito, Texas, gets Havoline 
and other Texaco products from Texaco Consignee 
A. L. Dodson. 


TEXAS | 
COMPANY | 
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How to 


Make Sure 


of 
Superior 


Performance 


CLARK-TORCON CONVERTER UNIT 


Who can build the best machine! — 
that is the modern spirit of American 
Industry. And the intensity of that 
competition is a major reason why 
leading manufacturers are using Clark 
engineering cooperation in designing 
new equipment—highway and off-high- 
way, automotive, industrial, and con- 
struction. 


For Clark knows the transmission of 
horsepower: has specialized in that basic 
field for more than 50 years; knows 
what can be counted upon to work— 
and what will not . . . The drive-units 
pictured here were designed to make 
sure of superior performance. They are 
hard-working, rugged, dependable 
proofs that it’s good business to do 
business with Clark Equipment. 


Send for attractive pocket-size 
booklet ‘‘Products of Clark’’. 


CLARK EQUIPMENT COMPANY 
ca ce €Oo um, Bie ws? GAN 

: Other Plants: 

| Buchanan, Battle Creek, Benton Harbor, Michigan 
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MANHATTAN AGRICULTURAL BELTS 
Keep Power at Work on The Farm! 


Manhattan Agricultural Belts keep their tension 
and flexibility in all kinds of weather to assure 


positive power delivery and long service life where 
it counts the most—in the field! 


For day-in, day-out dependability on the job, 
Manhattan Agricultural Belts have earned the con- 
fidence of leading farm equipment manufacturers. 
Manhattan belt engineers draw on more than 60 
years of rubber research, development and pro- 
duction experience to work with the manufacturer 


in designing trouble-free transmission drives... 
for all types of belted power applications. 


R/M engineers are ready to help you solve your 
belt problems with dependable Manhattan gri- 
cultural V-Belts, Condor Whipcord Endless Belts 
and new, patented R/M Poly-V® Drives. Let R/M 
show you how you can meet the most rigid speci- 
fications for present and new drive designs... 
add ‘“‘More Use per Dollar’ to every unit of belt 
driven equipment you manufacture. 


Poly-V is a registered Raybestos- Manhattan trademark. 


RM703 


BELTS + HOSE +» ROLL COVERING + TANK LININGS + INDUSTRIAL RUBBER SPECIALTIES 


MANHATTAN RUBBER DIVISION—PASSAIC, NEW JERSEY 


RAYBESTOS-MANHATTAN, INC. 


Other R/M products: Abrasive and Diamond Wheels * Brake Blocks and Linings * Clutch Facings * Asbestos Textiles * Mechanical 
Packings * Engineered Plastics * Sintered Metal Products * Industrial Adhesives * Laundry Pads and Covers * Bowling Balls 
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Farm implement dealers cooperated 
with the Watonwan County, Minn., 


—_ ) sal rial. bles Safety Council, to stress the dangers of 
NT You ADD ANOTHER fim soos cors.ccsot tam 2 
VACANT. CHAIR ff. .. a mean “empty tractor seats” too! 
s *® 


IS THE ONLY + “SAFE WAY 


Photo courtesy of 
Watonwan County Safety Council 


BLOOD BROTHERS Integral 
Safety-Shielded Drive Lines help farm 
implement dealers keep their customers safe! 


For humanitarian reasons—and wise business practice as well—it pays to increase the cus- 
tomer’s safety in every possible way. As proof of great progress in the farm implement field, 
Blood Brothers reports an increase of over 300% in the demand for Integral Safety-Shielded 
Drive Lines during the past year alone! 

Some manufacturers are supplying Integral-Shielded Drives exclusively on a// power take-off 
implements they build. This trend to greater safety helps implement builders—dealers— 
users—everyone! 

Saleswise, Blood Brothers Integral-Shielded Drive Lines are helpful too. They offer a strong 
“plus” selling feature that proves you place the farmer’s best interests foremost. Designed to 
avoid careless or absent-minded removal, they'll be iv place to protect implement operators 
at all times. 


If you build implements, write for information on the sizes you need. 


FOR FARM IMPLEMENTS, MORE BLOOD BROTHERS UNIVERSAL 
JOINTS ARE USED THAN ALL OTHER MAKES COMBINED 


BLOOD BROTHERS 
MACHINE DIVISION meetias. stants 


2 -----—--_--_----__- __-_-_-__---_-- — AND DRIVE LINE 
ROCKWELL SPRING AND AXLE COMPANY 


ASSEMBLIES 
ALLEGAN, MICHIGAN 
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ANAVVALAALE AL ALY 


FOR BETTER FARM BUILDING —_«(\\\\\\1 


Recommend Kaiser Aluminum Roofing ‘\\ \ 


at 


Kaiser Aluminum Roofing gives farmers all of the benefits of 
aluminum, plus an unrivaled record of freedom from wind dam- 
age and nail pull-through. 


Big 48-inch Wide Sheets. Roofing time is cut to a minimum be- 
cause there’s only one lightweight sheet to handle instead of two. 
Fewer side laps save metal — make a tighter roof. 


Reflects Heat. Hot sun rays bounce off aluminum roofing sheets 


to keep building interiors up to 15 degrees cooler in summer. 
Poultry and livestock stay healthier. 


Rustproof, Corrosion Resistant. Aluminum can’t rust, never 
needs painting. Costly maintenance is eliminated. 


Attractive Deep Embossed Finish. Special embossed pattern 
finish diffuses light to greatly reduce glare. 


Lightweight. Strong, yet so light in weight that one man can 


install it—saving on labor. Permits lighter support—saving on 
lumber. 


FOR BETTER FARM IRRIGATION 


Recommend Kaiser Aluminum Irrigation Tubing—it’s Kladlined* 


Kaiser Aluminum Kladlined Irrigation Tubing gives farmers the 
greatest advantages of any irrigation pipe for sprinkler and gated 
systems ... at no extra cost. 


ail 


Greatest Weight Advantage. Weighs less than 22 pounds} 
1 the weight of galvanized. 


Greatest Bursting Strength. Hydrostatically tested with pres- 
sures of 450 p.s.i. Insures resistance to surge pressures. 


Greatest Torque Resistance. Under normal conditions, will not 
take a permanent set. Designed to resist twisting pressure as great 
as 9,800 inch pounds. Thus it’s ideal for wheel-move systems. 


Superior Crushing Strength. Up to 59 p.s.i.—6 p.s.i. above SIA 
design standards. Provides extra resistance to field-handling 
damage. 


Corrosion Resistant Cladding. Special alloy interior cladding 
greatly extends pipe life, regardless of water conditions. Klad- 
lined pipe is essential for maximum life in areas subject to espe- 
cially corrosive waters. 


*Trademark. 
+All figures for 4 inch/30 ft. heavy duty tubing. 
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Kaiser Aluminum Roofing and Kaiser Aluminum 


; oO © 
Kladlined Irrigation Tubing increase farm effi- Y a 
ciency, at low cost, from the ground up. For further 1] a0 
information concerning either of these quality 
Kaiser Aluminum products please contact Kaiser A Quality Line for Better Farm Buildin 
Aluminum Agricultural Research Service, Mer- sesigeti ag 


chant Products Dept. AE, 919 N. Michigan Ave See “THE KAISER ALUMINUM HOUR.” Alternate Tuesdays, NBC Network. 
‘Chicago 11, Illinois. - Consult your local TV listing. 
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Federal-Mogul-Bower Bearings, inc. 
Me 


Bearings Company 
of America 
Division é 
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Copper-lead 
Babbitt on steel 


on steel 


Bronze on steel— 
plain or ball indented 
on lining side 


Formed oil grooves 


Thin wall with no 


Straight, Clinch Butt 
sacrifice in strength 


or Special Seams 


Oil holes, slots or cut- 


A great range of lengths and 
outs to your needs 


diameters available 


Bearing Performance with Bushing Economy 


Any of these design features can provide the needed bearing char- 
be incorporated in our plain or acteristics at a distinct price ad- 
bi-metal bushings. For many ap- vantage. We provide a complete 
plications lower cost bushings engineering service. Address: 


FEDERAL-MOGUL 


DIVISION, Federal-Mogul-Bower Bearings, Inc. 
11081 Shoemaker, Detroit 13, Michigan 


BABBITT-LINED 


BEARING-SURFACED SPACER 
BEARINGS 


THRUST WASHERS TUBES 


COPPER-LEAD 
BEARINGS 


ee a 
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Alcoa® researches farm applications of aluminum con- 
tinuously. Take buildings. . . 

In cooperation with leading agricultural colleges 
throughout the country, Alcoa has developed nine plans 
for practical pole-type buildings that can be built at 
savings up to 75%. More important than first cost are 
the long-range savings on upkeep and the increased 
livestock production that result from the animal com- 
fort which aluminum brings. 

You can have one complete set of these building plans 
free by writing for it. In addition, there’s a big cata- 
log describing these plans and giving a run-down on the 
savings and other advantages of building with aluminum. 

If you have questions about aluminum on the farm, 
why not give Alcoa a chance to help you answer 
them? We’d like to hear from you. Meanwhile, here are 


some materials you’ll be glad to have in your files. 
Write for them. 


=) \THE ALCOA HOUR 
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ALTERNATE SUNDAY EVENINGS SALUTES 
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ALL RAIN AA | 
FARM PRODUCTS 


Your Guide to the Best 
in Aluminum Value 


Agricultural Division 

Aluminum Company of America 

2089-C Alcoa Building, Pittsburgh 19, Pa. 

(Please send items checked) 

[_] One complete set of nine pole-building StePlans.* 

{_] Pole Barn Plans Catalog. Lists Alcoa plans available to farmers. 

(_] Pipelines to Profit. Booklet on portable irrigation. 

(_] “Right as Rain” 28-minute sound-color film on portable irrigation.+ 

(_] “Barn Raising, U.S.A.” 18-minute sound-color film on pole barn 
construction using aluminum roofing and siding.+ 

[_] Alcoa Farm Gate literature. Facts about aluminum gates. 

*Trademark of Aluminum Company of America 

{Films may be borrowed for public showing. Specify dates wanted 


Name 


Address 


Post Office and State 
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Massey-Harris Goble No. 27 Flexible Dise Harrow equipped with 
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Ingersoll Discs, pulled by Massey-Harris 555 Tractor 


Here’s a big-acreage team that works the soil uni- 
formly to make a fine seed bed in the shortest pos- 
sible time. It’s the Massey-Harris Goble 27 Flexible 
_ Disc Harrow equipped with big, sharp Ingersoll 
discs. 

Like all leading implement makers, Massey-Harris 
uses Ingersoll discs as original equipment. They’ve 
found that Ingersoll discs are tough and springy to 
take heavy impact, hold a knife-edge longer and 
resist splitting, curling, warping and abrasion. 
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Big Acreage 
with Ingersoll Discs 
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The secret is in the steel . .. TEM-CROSS® steel, 
produced only by Ingersoll. It’s the finest tillage 
steel in the world . . . cross-rolled to develop a 
super-tough grain structure that withstands tremen- 
dous stresses . . . heat-treated by an exclusive Inger- 
soll process for proper hardness with uniform 
tempering. 

Give your customers the best by ordering Inger- 
soll discs whenever replacements are needed. You 
get them direct from your implement manufacturer. 


Ingersoll Phat. Discs 
Ingersoll 


PRODUCTS DIVISION 
BORG-WARNER CORPORATION, CHICAGO 43, ILL. 


EXPORT SALES: Borg-Warner International, 36S. Wabash Ave., Chicago 3, Ill. 
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SPECIALISTS IN 


TILLAGE 


STEELS . WORLD'S LARGEST MANUFACTURER OF DISCS 
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Testimony .. . 


| tow publication of the January issue of AGRICULTURAL 
ENGINEERING, in which the “new look” was introduced, 
it was decided that representative letters from readers com- 
menting on the change would be printed. The “likes” and 
“dislikes” would be carried in proportion to the response. To 
our happy surprise all who bothered to write had nice things 
to say. This, of course, was most encouraging. 

In order that others may know what some have said and 
how they feel about the “new look,” the following excerpts 
have been selected as representative samples: 


“Congratulations on the new design of the AGRICULTURAL 
ENGINEERING Journal. It is very attractive and makes the 
Journal even more useful. 


“The report to readers page is very interesting, and I think 
a help to us who have difficulty finding time to keep up with 
all the new happenings in our field. 


“Mr. Dreyfuss has provided an interesting new cover 
which adds to the attractiveness of the Journal.” 


David H. Huntington 
Assistant Professor, Agr. Eng. 
University of Maine 


“The new format is attractive and a big improvement, 
adding dignity to the entire organization. It’s everything that 
advance reports promised. The front cover is a credit to any 


publication. W. Everett Eakin 
Farm Promotion Manager 


Libbey-Owens-Ford Glass Co. 
Toledo, Ohio 


“Our staff members were very much interested to see the 
January issue of AGRICULTURAL ENGINEERING in which you 
employed your new format. Our folks are very enthusiastic 
about the new look. Congratulations.” 


Arthur W. Farrall, Head 
Agricultural Engineering Dept. 
Michigan State University 


“Congratulations on the makeup of the Journal. A farmer 
out in the state who takes the Journal said last week that he 
got a lot of good information from it and felt that the infor- 
mation printed was way ahead of most other farm magazines. 


Keep up the good work.” 4 J. Lambert, Secretary 


Virginia Section ASAE 


“...1 am confident that the changes will reflect credit to 
our Society. I know nothing about the publishing business, 
but it seems to me that this new magazine would certainly 
have more appeal to all of our members. The articles on self- 
feeding silo, fluted nails, new hitch design, bulk milk cooling, 
and recharging ground water are of vital interest to all of us 
in the agricultural engineering profession.” 


J. W. Martin, Head 
Agricultural Engineering Dept. 
University of Idaho 
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“Congratulations on AGRICULTURAL ENGINEERING’S new 
look! . . . I think this innovation will meet with enthusiastic 


approval. George B. Nutt, Director 


Extension Service 
Clemson Agricultural College 


“For whatever it is worth to you, you have my big bouquet 
for the improvement in the Journal.” 
H. N. Stapleton 
Shelburne Farms 
Shelburne, Vt. 


“Many congratulations on the splendid change in our Jour- 
nal. The benefits to readers are infinite.”’ 
Rex T. Lyle 
Wheat Farmer 
Cunningham, Wash. 


“On behalf of the Alabama Student Branch of ASAE I 
would like to express our views on the new format of AGRI- 
CULTURAL ENGINEERING. We think it is a 100 percent im- 
provement and that the editor and all those connected with the 


Journal should be commended for the good work they are 
doing. Coy W. Doty, Secretary 


Alabama Student Branch ASAE 
Alabama Polytechnic Institute 


“I was shocked and a bit annoyed when I first saw the 
new format of AGRICULTURAL ENGINEERING. However, on 
careful examination I realized that it is a great improvement. 
I think that both readers and advertisers will be pleased.” 


R. P. Messenger 
Former Vice-President 
International Harvester Co. 


“You have accomplished the end of dressing up the book 
and giving it a modern look without losing any of its profes- 
sional appearance. Also like the idea of that insert and the 
idea of the ‘Report to Readers’.”’ 

Ellis B. Hillgrove, Jr. 
Advertising Manager, 
New England Homestead 


“...I cannot close without complimenting you on AGRI- 
CULTURAL ENGINEERING’S ‘new look.’ It’s not only attractive, 
but thoroughly in keeping with the professional character of 
the magazine and the important service it renders to agriculture.” 

R. A. Crosby 

Advertising Manager 

Farm Equipment Division 
Allis-Chalmers Manufacturing Co. 


“I wish to congratulate you and the others responsible for 
the appearance of the Journal. I think it’s one of the best 
improvements that I have ever seen and I’m sure it will be a 
‘shot in the arm’ to our Society.” 

P. R. Bakes 
Farm Sales Supervisor 
The Washington Water Power Co. 
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Farmall Cub built by International Harvester Company 


OR several years various economic factors have given 
KF emphasis to the growing disparity between the so- 

called “small” (or low-income) and “big” farms. The 
term “‘small’’ is somewhat ambiguous in defining size of 
farms. Actually a 40-acre truck farm may be a bigger and 
more profitable operation than a 400-acre grain farm. This 
disparity derives largely from the difference in productive- 
ness of farm land. Some farms have high productive poten- 
tials. Others are unproductive. The good farm lends itself 
to efficient operation. It can be and usually is highly mecha- 
nized. The poor farm can’t afford the modern machinery 
now available. 


The cost of farm labor is about four times higher than 
it was 20 years ago and in many sections of the country it is 
both scarce and incompetent. Many small operators, espe- 
cially in the Southeast, depended for a long time on horses 
or mules and simple types of implements. Now the horse 
has practically disappeared. In fact, it is hard to find a horse 
collar except in an antique shop. 

It is difficult to carry on any farming operation without 
power and certain other equipment. At the same time, the 
cost of modern power machinery has advanced to a point 
where it is now largely beyond the economic reach of 
roughly 40 percent of all farms in the country. 

This increased cost of modern farm machinery is ac- 
counted for not only by higher costs of labor, materials, 
taxes, etc., but also by the many refinements which have 
been built into modern machinery, such as high speeds, time 
and Jabor-saving features, more precision engineering, etc. 
This machinery has gone a long way in providing increased 
capacity and time and labor-saving efficiencies for farmers 
who have productive land and adequate capital. 

Two years ago I talked with a number of farmers in the 
Red River Valley in North Dakota. On one farm visited, two 
brothers were farming five quarters of land and had nearly 
600 acres in crop. They estimated that with the machinery 
they had they could do all the work on these 600 acres in 
just a little over 100 days and hire very little outside help. 


Paper prepared expressly for AGRICULTURAL ENGINEERING. 

The author—G. B. GUNLOGSON—is a long-time student of agri- 
cultural trends and conditions, a successful farm owner and operator, 
and former president of the Western Advertising Agency. 
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Needed: 


G. B. Gunlogson 


Member ASAE 


The gross returns that year from this land were close to 
$24,000, or about $12,000 per man, or $120 per work day. 

Modern machinery has made similar accomplishments 
commonplace in many farming areas, but on a vast number 
of farms such operations are still impractical or impossible 
for one reason or another. 

Following is the number of farms by income groups 
according to 1955 census: 

Group A 


$2,500 or more income 2,101,000 

Group B $1,200 to $2,499 income 763,000 
Group C $1,200 or less (including part-time, 

residential, etc.) 1,919,000 

Total number of farms 4,783,000 


The census reports that only 2,525,206 of these farms 
have tractors. Since the total number of tractors reported 
is 4,185,205, it means, of course, that many farms have two 
or more tractors. 

It is estimated that Group A farms have at least 80 per- 
cent of all tractors, Group B possibly 15 percent, and Group 
C less than 5 percent. It can be assumed, I think, that other 
machinery or mechanization follows in about the same 
proportion. 

Some economists argue that ‘“‘poor farms” should be 
abandoned and that the occupants should take jobs in indus- 
try. This, in my opinion, is not the answer at all. In fact, 
many of their families now have some off-farm income, and 
the farm is their way of life. Small farmers form an impor- 
tant segment in our free-enterprise system. In many areas 
they occupy a position of independence and free choice be- 
tween industry and farming. 

When it comes to farm sizes, the trend for many years 
has been upward, but one-third of all farms are still under 
50 acres in size and another 800,000 are under 100 acres. 

Herein lies the challenge and the opportunity. Can the 
farm-equipment industry offer a type of power equipment 
that will meet in a measure the work requirements and come 
within the income limitations of this large group of ‘‘small”’ 
farms? It would in effect provide a modern substitute for 
the mule (or horse), and it would usher in a new day for a 
large number of people living on farms. It would open up a 
substantial new market for the industry. 
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A Substitute for a Team of Mules 


There is not much experience to go on and there are 
few machines now in use that meet these requirements. 
However, there are certain developments and observations 
worthy of mention. 


1 The garden tractor and the large assortment of tools 
and attachments that have been developed to go with it 
are of some interest here. This equipment sells at a low 
price and yet a great deal of service and dependability have 
been built into it. The trend in design has been an interest- 
ing development to watch, embracing versatility, handy 
change of attachments, and a wide assortment of tools—all 
serviceable but relatively cheap. Most of these tractors are 
equipped with 2 to 5-hp air-cooled engines. The price of 
this equipment is surprisingly low. The sales have grown 
from a few tractors twenty years ago to about 200,000 in 
recent years. Currently sales may be down and it is suspected 
that this may be due partly to the large number of power 


mowers being sold, many of which are supplying power for 
the same gadgets. 


The primary market for this equipment has not been the 
farmer but rather the suburban dweller who has an acre or 
two to play with. The large number of small farms under 
discussion here needs something much beyond the “garden” 
variety in power and capacity, yet these farms are not suf- 
ficiently large or productive to afford the conventional type 
of modern farm equipment now available. 

2 There are two or three makes of tractors now on the 
market which come close to the requirements neded, but they 
are too costly. This modern ‘'steel mule” under discussion 
would probably have a 9 to 12-hp engine, and simplicity, 
accessibility and low price are prime requirements. 

Hydraulic equipment and similar refinements would 
have to be sacrificed for simplicity and low price. In most 
cases the farmer does not have the productive possibilities to 
enable him to capitalize on his time at a high figure, but he 
is interested in a good substitute for a team of horses or 
mules. 


The tractor by itself would not find a big market. A 
wide assortment of simple and readily attached tools would 
be essential to make the venture practical and appealing to 
the buyer. A “package” of tractor and perhaps six of these 
tools could be loaded on a trailer for staging demonstrations 
of this “40-acre’’ economy line. 


1957 * MARCH * AGRICULTURAL ENGINEERING 


es 


The author makes an interesting and logical case for the so- 
called “small” farmer as an important segment in our free- 
enterprise system—and for “two-mule-power” equipment to 
raise the level of his operating efficiency and economy 


3 Obviously, the market for such a tractor and some of 
the equipment would reach beyond the small farm. This 
would make a practical outfit on larger farms for hauling 
wagons and for a variety of light work. In fact, it might fit 
some industrial jobs. 

The introduction of such a line of machinery would find 
wide interest and support because much publicity has been 
focused on this group of landowners. 

The attempts that have been made by at least two prom- 
inent manufacturers to meet these requirements have not 
failed, but they have fallen short, more by lack of selling 
than by lack of engineering. 

First we have to sell the idea that we can meet the me- 
chanical requirements and income limitations of this type of 
farm. 

Where the engineering has failed has been by way of too 
much refinement resulting in costs that are beyond this 
market. 

Various recent developments of methods and materials, 
including air-cooled engines, V-belt drives, etc., may suggest 
some new approaches to the type of engineering we have in 
mind. Indeed it presents a new challenge for the farm 
machinery industry. 
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Aids for Determining : 


Runoff Probability 


This article is presented in an effort to help the practicing 
engineer to understand the terminology and symbolism of 
statistical analysis in regard to hydrometeorological data 


Roy G. Andrews 


HE literature on the statistical analysis of hydrome- 
teorological data is voluminous. Unfortunately much 
of it concerns highly complicated statistical theory and 
makes difficult and tedious reading for the practicing engi- 
neer whose academic training in statistical analysis is often 
neglected. This paper is presented in an effort to assist the 
practicing engineer to understand the terminology and sym- 
bolism of statistical analysis. Five methods are used to 
compute frequency curves from a single array of data and 
the results are compared graphically. Methods I, II, TV and 
V are variations of the theory of extreme values; Method III 
uses the log-probability law. 


Flood frequencies may be computed as an annual series 
or a partial-duration series. Only the greatest flood in each 
year is used in the annual series. Where structure design 
is controlled by the most critical condition, such as the 
design of a spillway, the annual series should be used. The 
most frequent objection to the use of the annual flood series 
is that it uses only one flood in each year. Occasionally, the 
second highest flood in a year, which the above rule omits, 
may outrank many annual floods. 

The partial-duration series meets this objection by listing 
all floods above an arbitrary base without regard to the 
number within any given time period. The floods must, 
however, be independent events. Considerable care must 
be exercised in the selection of data to insure the independ- 


Paper presented at the annual meeting of the American Society 
of Agricultural Engineers at Roanoke, Va., June, 1956, on a pro- 
gram arranged by the Soil and Water Division. 

The author—Roy G. ANDREws—is hydraulic engineer, Engineer- 
ing and Watershed Planning Unit, SCS, Fort Worth, Texas. 


ency of events occurring close together in time. The partial- 
duration series should be used if the second largest value in 
the year would affect the design of structures. For instance, 
the damage caused by flooding sometimes results from the 
repetition of flood occurrences rather than from a_ single 
peak flow. An example is the design of farm drainage in 
which the damage may be due to the extent of flooding, 
which may be caused largely by associated peak flows. 

With either annual or partial-duration series data, the 
recurrence interval of a flood may be defined as the average 
number of years a flood of a certain magnitude will be 
equaled or exceeded. It should be noted that the definition 
implies no periodicity. A 10-year flood will be egualed or 
exceeded 10 times in 100 years on the average, but will not 
occur at regular 10-year intervals. Two or more floods of 
that magnitude could occur in one year or in successive years. 

The annual and partial-duration series methods give 
essentially identical results for intervals greater than about 
10 years. As most designs are for intervals greater than this 
it is apparent that, from a practical standpoint, either method 
is satisfactory, although the simplicity of the annual-flood 
series makes it attractive. From statistical principles there is 
a definite relationship between the values in the two series. 
Since the annual-flood series may be converted readily to a 
partial-duration series by the use of the graph on Fig. 1 
(1)*, this paper will be confined to discussions of the 
annual-flood series. 

Hydrologic data are generally analyzed statistically by 
computing the plotting positions of observed events, plotting 
the events at these positions on probability or other special 
paper, and drawing a smooth curve 
through the plotted points by eye, or by 
computing the magnitude of events at 
the desired recurrence intervals from the 
equation of a theoretical frequency 


Ho 
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years 


Figure | 
RECURRENCE INTERVAL RELATIONSHIP + 


AmmuaAl SERIES ~ 


PARTIAL DURATION SERIES - YEARS 


Fig. 1 Annual-flood series may be converted to a partial-duration series on this recurrence 


interval relationship graph 
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curve. The variables in the equation of 
the theoretical frequency curve are com- 
puted from observed data. 

The computation of plotting positions 
may follow any number of theories. Fos- 
ter and Hazen (2) used the equation 
T=2N/(2m—1) and the subcommittee of 
the Joint Division Committee on Floods 
of the ASCE (3) recommends the equa- 
tion T= (N+ 1)/m, first proposed by Kim- 


=Sss 


*Numbers in parentheses refer to the ap- 
pended references. 
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Fig. 2 Plotting position is computed for each 

flood and plotted on semi-log paper. When 

data are distributed according to the theory 

of extreme values, they plot in a straight 

line on a special plotting paper devised by 
R. W. Powell (5) 


= Ncwes 


STORM RUNOFF 


ball (4) in 1946 in which: 


T=The frequency, in years, a given 
flood will be equaled or exceeded 
—the recurrence interval 


N=The number of years of record us 
m= The order number of the flood 


As used in this paper “‘flood’’ refers to the total volume of 
surface runoff from a particular storm event as measured at 
a stream-gaging station. The methods of analysis are equally 
applicable to peak discharges. 

The volume of the flood flow for the maximum flood in 
each year of record is tabulated and the floods are numbered 
consecutively in descending order of magnitude. If the 
floods are arranged in the tabulation in descending order 
of magnitude the possibility for error is reduced. The plot- 
ting position is computed for each flood by one of the 
equations and plotted on semi-log plotting paper. (In this 
paper semi-log plotting paper is used for direct comparisons 
of methods.) Sample computations for the plotting posi- 
tions are shown in Table 1 and the curves are designated I 
and II on Fig. 2. The curves were fitted by eye to the plot- 


TABLE 1. COMPUTATIONS FOR PLOTTING POSITIONS 
CLEAR FORK OF THE TRINITY RIVER, TEXAS 


Maximum 


Recurrence interval in years 
annual storm 


Water period runoff Rank Method I Method IT 
year (inches) m T=(N +1)/m|T=2N/(2m-1) 
1949 5.09 1 26.0 50.0 
1942 , ey | P 13.0 16.67 
1935 2.63 3 8.67 10.00 
1945 2.07 4 6.50 7.14 
1948 1.48 5 5.20 5.56 
1932 1.42 6 4.33 4.55 
1938 1.23 7 3.71 3.85 
1940 1.07 8 3.25 3.33 
1930 0.97 9 2.89 2.94 
1936 0.97 10 2.60 2.63 
1941 0.84 11 2.36 2.38 
1946 0.80 12 2.17 2.17 
1950 0.73 13 2.00 2.00 
1944 0.66 14 1.86 1.85 
1943 0.51 15 4.75 1.32 
1933 0.44 16 1.62 1.61 
1951 0.42 17 1.53 1.52 
1929 0.39 18 1.44 1.43 
1947 0.29 19 1.37 1.35 
1931 0.23 20 1.30 1.28 
1937 0.21 21 1.24 i 
1939 0.18 22 1.18 1.16 
1952 0.13 23 1.13 £23 
1934 0.08 24 1.08 1.06 
1953 0.06 25 1.04 1.02 
N=25 years 


1957 * MARCH * AGRICULTURAL ENGINEERING 


RETHODS 
(n + 1) 


= ““S— plotting points « 


2e 
T © (Je - 1) Plotting pointso 


Theoretical Log-Probebility Table 


Potter, Sieplificetion of Guede! 
Method 

Gumbel Method based on Yen Te Chow 
a-T Curve 


Figure 2 
FREQUENCY CURVY 
Annual Series, Clear Fork of the 
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ted points. A special plotting paper has been devised by R. 
W. Powell (5). If the data are distributed according to the 
theory of extreme values, they plot on a straight line on this 
paper. 

The mean, mode, and median values of normally dis- 
tributed data coincide. When a frequency curve is asym- 
metrical it is said to be skewed and these values are sepa- 
rated. The skewed type of curve is typical of many hydro- 
logic data. However, the logarithms of the data are often 
normally distributed. 

The log-probability law was first studied by Galton (6) 
in 1875 and is sometimes known as the law of Galton. 
Hazen (1) developed a method of computing frequency 


TABLE 2. COMPUTATION OF COEFFICIENT OF VARIA- 
TION CLEAR FORK OF THE TRINITY RIVER AT 
FORT WORTH, TEXAS 


Water Runoff, 
year inches S Methodology 
x y y 
1929 0.39 0.152 
1930 0.97 0.941 — os 
1931 0.23 0.053 on Ne ~(11)* 
1932 1.42 2.016 “8 Zy 
oe ae oa C,, = Coefficient of variation. 
1935 2.63 6.917 N=Nunmber of years record. 
mt a oe y= Maximum storm period 
1938 1.23 1513 runoff in the year, gaged. 
1939 0.18 0.032 2 y=26.17 
1940 1.07 1.145 Pia 
1941 0.84 0.706 2 = 59.886 
1942 5.27 10.693 —-_2y_ 
1943 0.51 0.260 y=HN = 1.0468 
1944 0.66 0.436 ; 
1945 2.07 4.285 N2y'=1497.15 
nan _ yeaa 
1948 1.48 2.190 ri 26.17 
1949 5.09 25.908 28.50 
1950 0.73 0.533 C.= 36.17 1.0890 
1951 0.42 0.176 4 
1952 0.13 0.017 
1953 0.06 0.004 
2 y=26.17 2y'=59.886 
N= 25 years 


*See appended reference. 
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curves graphically by a series of empirically determined log- 
probability frequency factors. Chow (7) computed a table 
of theoretically correct log-probability frequency factors for 
a range of skew coefficients from 0.0 to 5.0. 

To compute a theoretical frequency curve from hydrologic 
data based on the log-probability law the greatest storm run- 
off in each year is tabulated as the dependent variable, y, as 
shown in Table 2, and the coefficient of variation, C,, is 
computed from the data as indicated on that table. The 
theoretical log-probability frequency factors, K, correspond- 
ing to the coefficient of variation and the desired recurrence 
intervals, are obtained from Table 3 published by Chow 
(7) and substituted in the equation 


Ye= ¥(KCo+1) 

in which: 
ye== Computed plotting point on theoretical curve 
y= Mean value of observed data 


K = Theoretical log-probability frequency factor 
C, = Coefficient of variation 


The value of y may be computed for a particular fre- 
quency desired or for a series of frequencies as shown by the 
computations under Method III, Table 4, and plotted to 
describe the frequency curve designated as III on Fig. 2, 


This curve plots on a straight line on log-probability plot- 
ting paper developed by Hazen. 

The theory of extreme values which was introduced by 
Fisher and Tippett (8) in 1928 and applied to the fre- 
quency distribution of hydrologic data by Gumbel (9) in 
1941 postulates 1.139 for skewness. Gumbel (10) has 
written that; “this does not mean that every river with floods 
that can be analyzed by the theory of extreme values ought to 
have this skewness independent of the length of the record. 
The statistical meaning of the statement is instead: If we 
have a sufficiently large number of observed floods for each 
stream, the value of skewness should be normally distributed 
about the mean of 1.139." Data from individual streams 
which have a coefficient of variation, C,, at the variance 
with 0.364 will not be represented exactly by a curve 
computed by the theory of extreme values; however, 
it is assumed that if the record were sufficiently long and the 
sample homogeneous the theory would be applicable. 

The computation of a theoretical frequency curve by the 
theory of extreme values is quite similar to the computations 
for a curve by the log-probability law in that the coefficient 
of variation is used as the principal parameter. Potter (11) 
simplified Gumbel’s method by developing a family of em- 
pirical curves relating the coefficient of variation, C,, to the 
ratio of the plotting position, y., to the mean y, y. Fig. 3 is 
a reproduction of a portion of this relationship. To compute 
the value of an event for a specific frequency the chart is 


TABLE 3. THEORETICAL LOG-PROBABILITY FREQUENCY FACTORS* 


Coeffi- Proba- 


Probability in percentage 


Corre- 


Equal to or greater than the given variate sponding 
cient bility 99 95 80 50 20 5 1 0.1 0.01 coefficient 
of skew at mean _— — — _— + + + + + of variation 

0 50.0 2.33 1.65 0.84 0 0.84 1.64 2.33 3.09 3.72 0 
0.1 49.3 2.25 1.62 0.85 0.02 0.84 1.67 2.40 3.22 3.95 0.033 
0.2 48.7 2.18 1.59 0:85 0.04 0.83 1.70 2.47 3.39 4.18 0.067 
0.3 48.0 2.11 1.56 0.85 0.06 0.82 72 2.55 3.56 4.42 0.100 
0.4 47.3 2.04 1.53 0.85 0.07 0.81 £75 2.62 a 4.70 0.136 
0.5 46.7 1.98 1.49 0.86 0.09 0.80 1.77 2.7 3.88 4.96 0.166 
0.6 46.1 1.91 1.46 0.85 0.10 0.79 1.79 S77 4.05 5.24 0.197 
0.7 45.5 1.85 1.43 0.85 0.11 0.78 1.81 2.84 4.21 5.52 0.230 
0.8 44.9 1.79 1.40 0.84 0.13 0.77 1.82 2.90 4.37 5.81 0.262 
0.9 44.2 1.74 1.37 0.84 0.14 0.76 1.84 2.97 4.55 6.11 0.292 
1.0 43.7 1.68 1.34 0.84 0.15 0.75 1.85 3.03 4.72 6.40 0.324 
La 43.2 1.63 1.31 0.83 0.16 0.73 1.86 3.09 4.87 6.71 0.351 
L2 42.7 1.58 1.29 0.82 0.17 0.72 1.87 3.15 5.04 7.02 0.381 
1.3 42.2 1.54 1.26 0.82 0.18 0.71 1.88 3.24 5.19 731 0.409 
1.4 41.7 1.49 1.23 0.81 0.19 0.69 1.88 3.26 5.35 7.62 0.436 
i 41.3 1.45 121 0.81 0.20 0.68 1.89 pe | 5.51 7.92 0.462 
1.6 40.8 1.41 1.18 0.80 0.21 0.67 1.89 3.36 5.66 8.26 0.490 
| 40.4 1.38 1.16 0.79 0.22 0.65 1.89 3.40 5.80 8.58 0.517 
1.8 40.0 1.34 1.14 0.7 0.22 0.64 1.89 3.44 5.96 8.88 0.544 
1.9 39.6 1.32 1.12 0.78 0.23 0.63 1.89 3.48 6.10 9.20 0.570 
2.0 39.2 1.28 1.10 0.77 0.24 0.61 1.89 3.52 6.25 9.51 0.596 
2.1 38.8 L299 1.08 0.76 0.24 0.60 1.89 3.55 6.39 9.79 0.620 
2.2 38.4 1.22 1.06 0.76 0.25 0.59 1.89 Pd 6.51 10.12 0.643 
PF 38.1 1.20 1.04 0.7 0.25 0.58 1.88 3.62 6.65 10.43 0.667 
2.4 37.7 117 1.02 0.74 0.26 0.57 1.88 3.65 6.77 10.72 0.691 
2.5 37.4 1.35 1.00 0.74 0.26 0.56 1.88 3.67 6.90 10.95 0.713 
2.6 ee | FF - 0.99 0.73 0.26 0.55 1.87 3.70 7.02 11.25 0.734 
a7 36.8 1.10 0.97 0.72 0.27 0.54 1.87 3.72 7.13 11.55 0.755 
2.8 36.6 1.08 0.96 0.72 0.27 0.53 1.86 3.74 7.25 11.80 0.776 
2.9 36.3 1.06 0.95 0.71 0.27 0.52 1.86 3.76 7.36 12.10 0.796 
3.0 36.0 1.04 0.93 0.71 0.28 0.51 1.85 3.78 7.47 12.36 0.818 
3.2 33:5 1.01 0.90 0.69 0.28 0.49 1.84 3.81 7.65 12.85 0.857 
3.4 35.1 0.98 0.88 0.68 0.29 0.47 1.83 3.84 7.84 13.36 0.895 
3.6 34.7 0.95 0.86 0.67 0.29 0.46 1.81 3.87 8.00 13.83 0.930 
3.8 34.2 0.92 0.84 0.66 0.29 0.44 1.80 3.89 8.16 14.23 0.966 
4.0 33.9 0.90 0.82 0.65 0.29 0.42 1.78 3.91 8.30 14.70 1.000 
4.5 33.0 0.84 0.78 0.63 0.30 0.39 1.75 3.93 8.60 15.62 1.081 
5.0 ce 0.80 0.74 0.62 0.30 0.37 p ae | 3.95 8.86 16.45 1.155 


*From ‘‘Log-Probability Law and Its Engineering Applications'’ by Ven Te Chow, ASCE Proceedings, Vol. 80, Separate No. 536, November, 1954. 
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| | Figure 3 | | 
RELATIONSHIP BETWEEN COEFFICIENT OF VARIATION 


° +20 40 60 +80 1.00 1.20 
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Fig. 3 Simplication of the Gumbel method for computing prob- 
ability curves by developing a family of empierical curves 


entered with the C, computed in Table 1, and the ratio of 7. 
to y for the frequency and number of years of record, N, is 
obtained. This value is multiplied by y to obtain the magni- 
tude of the event for the desired frequency. The computa- 
tions are shown under Method IV, Table 4, and the fre- 
quency curve described by the computed values is designated 
as IV on Fig. 2. 

Chow (12) showed that the Gumbel method could be 
expressed by the equation y./y=1-+KC, and computed a 
curve relating the frequency factor, K, to the recurrence in- 
terval, J. This curve is reproduced as Fig. 4. To compute 


a theoretical extreme-value frequency curve enter the curve 
on Fig. 4 with the desired frequency and find the corre- 
sponding K value. Insert this value and the value of y and 
C, computed on Table 1 in the equation y.=y(KC,+1) 
and compute the value of the event corresponding to the de- 
sired frequency. The computations are shown under 
Method V, Table 4 and the frequency curve described by 
the computed values is designated as V on Fig. 2. 


Although there is little agreement among engineers as 
to which method is the most accurate to use in computing 
the frequency of hydrologic events there is unanimity of 
opinion on numerous cautions that should be used. To be 
strictly applicable to frequency analysis the events must be 
completely independent and the sample homogeneous, that 
is, be representative of a long period of record. Since the 
actual record will not meet either of these principles com- 
pletely some error should be expected. Extrapolation be- 
yond the period of record should be done with the utmost 
caution. When possible, frequency curves should be com- 

(Continued on page 178) 


TABLE 4. ANNUAL FLOOD FREQUENCY LINES BY THEO- 
RETICAL METHODS CLEAR FORK OF THE 
TRINITY RIVER, TEXAS 


Where C,,= 1.089 and y= 1.0468 


Method IV+ Method Vt 
Method III* Potter, Gumbel, based on 
Recurrence Theoretical simplification Ven Te Chow 
interval Log-probability of Gumbel K-T curve 
(years) 
Frequency Plotting Plotting Plotting 
factor position position position 
|| 
- Ye 7 + 
K§ Ye 3 ye k# Ye 
y 
2 — 0.30 0.70 0.90 0.94 —0.15 0.88 
5 0.39 1.49 1.93 2.02 0.70 1.84 
10 2.62 2.74 1.28 2.51 
20 1.75 3.04 
25 3.50 3.66 2.03 3.36 
50 4.19 4.39 
100 3.93 5.53 2.43 4.62 
Equations: 


*y.=(KC,+1)7 
tye=y(y-/¥) 
ty.= (KC, +1)9 


§See Table 3 
\|See Fig. 3 
#See Fig. 4 


Fig. 4 The Gumbel method expressed by the 
equation y,/y=1+KC, and plotted in a 
K-T curve 


= values 


Figure 8 
K-T CURVE FOR GUMBEL METHOD 
from Transactions American Geophysical elon 
Vol. 32, #0. 2, Page 235, Figure @ 
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Predicting Pressure Drop 


in Pneumatic Conveying of Grains 


In this paper is presented a theoretical analysis from which is developed 
an equation which will enable the design engineer to calculate one of 
three components of pressure drop in a pneumatic conveying system 


R many years the problem of homogeneous fluid flow 

has been investigated, both experimentally and ana- 

lytically, in a very thorough manner. However, little 
attention has been given to the pneumatic conveying of 
solids. Pneumatic conveying, as discussed in this paper, will 
have reference to a system in which the particles receive 
100 percent of their energy from the conveying air stream 
and do not come in contact with the blower blades. Systems 
of this type have proven popular in European countries. 
However, in the United States, farm conveying systems have 
been primarily of the impeller type. This type has one 
serious disadvantage when conveying material which is sus- 
ceptible to injury by impact. Since most of the energy is im- 
parted to the particle by the impeller wheel, the particle has 
no immediate source of energy to draw upon to replenish 
that lost through the piping system. This means that the 
transporting distance is limited by the energy imparted to the 
particle. If such a system contains bends or long lengths of 
horizontal pipe, where energy losses are great, the maximum 
transporting distance will be short, unless it is possible to 
operate the impeller wheel at relatively high speeds. 

In a pneumatic conveying system it is important that the 
design engineer be able to calculate the pressure drop due to 
the solid material to be conveyed, since this is the criterion 
used to select the size of blower needed. The purpose of 
this paper is to present a theoretical analysis leading to equa- 
tions which can be used by the design engineer to predict the 
pressure drop in a straight length of pipe after steady-state 
conditions prevail, that is particle acceleration equals zero, 
dependent upon (a) material being conveyed, (b) solid flow 
rate, (c) air velocity, (d) pipe diameter, (e) pipe length, 
and (f) pipe inclination. Losses at bends and during the 
acceleration period are not considered in this paper. 

The theoretical analysis to be presented will use as its 
base the initial assumptions set forth by Pinkus (6)* who 
presented a convincing theory for the case of sand particles 
flowing in a horizontal pipe. Pinkus’ theory will be adapted 
to agricultural grains and extended to include pipes of any 


Paper prepared expressly for AGRICULTURAL ENGINEERING and 
based on work leading to a master’s degree in agricultural engineer- 
ing at Michigan State University. Authorized for publication as 
Journal Paper 1993 of the Michigan Agricultural Experiment 
Station. 

The authors—JACK W. CRANE and WALTER M. CARLETON— 
are, respectively, engineer in research and development, New Hol- 
land Machine Co. and former graduate research assistant at Mich- 
igan State University, and assistant chief, AERB, USDA, and former 
professor of agricultural engineering, Michigan State University. 

Acknowledgment: The authors wish to express their apprecia- 
tion for the financial assistance of the New Holland Machine Co. 
and to H. F. McColly, professor of agricultural engineering, Mich- 
igan State University for his assistance during this project. 


*Numbers in parentheses refer to the appended references. 


Jack W. Crane and W. M. Carleton 


Member ASAE 


Assoc. Member ASAE 


inclination, thus making the resultant equations of more 
value to the design engineer. Other investigators, such as 
Segler (7), Hariu and Molstad (5), and Vogt and White 
(8), have studied pressure drops in vertical and horizontal 
pipes using different methods of attack. To the authors’ 
knowledge, none has presented a sound theoretical analysis 
which encompassed the entire range of pipe angles from 
0 to 90 deg. 


Theory 
Due to the complex nature of the system to be analyzed, 
it was necessary to make the following simplifying assump- 
tions before proceeding with the pressure-drop analysis: 
* The component of velocity perpendicular to the pipe 
wall will be small relative to that parallel to the wall. 
¢ The total pressure drop along any section of pipe, 
after steady-state conditions (4p>=0) are reached, is 
composed of three factors, these being, (a) that due 
to the air alone (this is assumed to remain constant 
with or without particles in the air stream), (4) that 
due to the particles striking each other and the pipe 
wall, and (c) that due to the static head of the solids. 
* The coefficient of resistance, as applied to freely fall- 
ing bodies, can be applied to particles moving in an 
airstream. This expression will be used to calculate the 
force exerted on the particles by the air stream. 
e A friction equation of the Fanning or Darcy-Weisback 
type will account for energy loss due to impact be- 
tween the individual particles and the pipe wall. 


4 
he 

& Se a 

ad 


£9 PATH OF PARTICLE 


Fig. 1 Free-body diagram of a single particle being given an 
upward acceleration due to an airstream, the direction of which is 
tangent to the path of motion 
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Fig. 2 Test apparatus, with a pipe 
inclination of 90 deg, used in the 
MSU study of pressure drop in 
pneumatic conveying of grains 


The equation of motion is developed 
from the free body diagram of a single particle 
shown in Fig. 1. Applying Newton's Law 
(XF=ma) to the system in this figure and 
summing the forces in the tangential direction 
gives: 


A- A 
ZFitan) =Fp-~ Wi Z—ISIN © =ma [1] 
p 


The drag force (Fp), as defined by Gold- 
stein (4) for free falling spheres, is equal to 
paV*CA/2g. Dallavalle (3) has presented an 
experimental curve of coefficient of resistance 
(C) versus Reynolds number (RN) _ for 
spheres. This curve can be closely approximated for the RN 
between 10° and 10*-* by the following expression: 


Since both the air stream and the particles in a pneu- 
matic conveying system are moving, it is necessary to sub- 
stitute the relative velocity (va—v,) for v in the previous 
expression. Equation {1} now becomes 


P, (vg — vg)* Py L dy 
cotta Mer cay- moi 25? ysin @=m—* 
p 
[2] 


This equation would hold for one particle in an airstream, 
but if several particles are simultaneously in the stream, an 
additional term must be included to account for energy lost 
due to collisions with other particles. In addition, if the 
particles are enclosed in a pipe, this term must account for 
losses due to sliding on the pipe wall. 


Following the suggestions of other investigators, the 
Darcy-Weisback friction equation as given in (6) will be 
added to account for these extra losses encountered in actual 
pneumatic transporting systems: 
fs Los” 

20g 


H= 


By recognizing that (Lp pas Ap)=W and that (AP) 
A,=F, the above equation can be rewritten as: 


a fg Vom 
+. 20 


Adding this term to those of equation [2]} gives the com- 
plete differential equation of motion for the system: 


d s a | a s) Ss a fs s 
v Vv Vv ( ) ' v 


Primary Symbols and Subscripts 


d, diameter of particle (ft) 

D, diameter of duct (ft) 

H, frictional head (ft of water) 

h, frictional head (inches of water) 

f, friction factor (dimensionless) 

p, density (lb/ft?) 

Pas, density of dispersed solids 
(lb/ft? of pipe) 

V, volume (ft?) 

#, absolute viscosity (lb/ft sec) 

v, velocity (ft/sec) 

t, time (sec) 


5, distance (ft) 


L, length (ft) 


W, weight (lb) 
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RN, Reynolds number (dimensionless ) 
P, pressure (lb/ft?) 

N, quantity or number 

m, mass of particle (lb sec 2/ft) 


G,, mass flow of solids (Ib/ft?sec) 
g, gravitational acceleration (ft/sec?) 


a, acceleration (ft/sec?) 
PF, lift force (lb) 


Fp drag force (Ib) 

8, pipe angle from the horizontal (deg) 
A, area (ft?) 

Subscripts: 


as» dispersed solids 
sh» Static head 

et, SOlids friction 

»» solids 

p» Particle 
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. . . Pressure Drop in Grains 


When steady-state conditions prevail (d v,/dt=0), equation 
{3} can be rewritten in the following form: 


Pal Vg—Vs)* 


R-% f Vg~ m 
29 ) SIN © + 


Ps 20 [4] 


Since for grains the term (ps—pa)/ps is very nearly 
unity, it will be neglected in the remaining pressure-drop 
calculations. 


CAp = mal 


It can be seen from the force balance in equation [4} 
that the energy loss due to the solids’ friction plus that due 
to the static head will be equal to that supplied by the drag 
correlation. 


Converting each of the force terms in equation [4} into 
equivalent expressions for pressure drop per unit of mass 
flow by use of G,= par Vs, results in the following expression: 


* For the impact between the particles and the tube wall 
the Darcy-Weisback friction equation gives 


* For the static head expression 


OHsp 


_SIN®O 
LG, ~ 


P Vg 
H 2° 


SOLIDS’ FRICTION FACTOR FOR 
WHEAT VERSUS AIR VELOCITY 
CALCULATED WITH @+0° 


VALID FOR © FROM O* TO 90° 
12 DATE . 3-24-56 
BY: J. W.Cc 


SOLIDS’ FRICTION FACTOR 
"Fg DIMENSIONLESS 


60 70 80 90 100 "0 
AIR VELOCITY FT./ SEC. 


Fig. 3 Solids’ friction factor used to calculate theoretical curves 
shown in Figs. 4, 5, 6 and 7 (Below) Pressure drops caused by 
solid phase for various pipe angles 
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Fig. 4 0-deg Pipe Angle 
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¢ For the drag correlation 


€ _ AyC Ap (vg~ ¥5)* 
(per particle) ~ 29 


the number of particles present in L feet of pipe will be 
_Ss Ap tp 
~ %s Vp Op 


So the total force exerted on the solids in L feet of pipe is 
F (total) =F (per particle) X N 
Changing to drop per unit of mass flow, 


AH, _fQgCAp( Yq - vs)" 


Substituting these three equivalent expressions into the force 
equation [4] gives the following equation: 
Pa Cpl va-%5)* ee SIN 8 ou Vs 
Puro 29%VpPp = My.0%s 2 O9F4 6 
2 2 2 
Solving this equation for f, gives the following: 


7” o[A C Aplvg-v_)~ - 29Vp/pSIN 6] 
ail Vo Ys= 


This expression can be used to determine f, experimentally 
from the observed data. 


[5] 


As previously mentioned, the total head loss for a given 


length of pipe (assuming steady-state flow exists) is com- 
posed of three factors: 


AH= AHyt+ AHat AHa 


If the steady-state condition has not been attained, 
another term must be added to account for the pressure loss 
during the acceleration period. Since this loss is not con- 
sidered in this analysis, the complete expression for pressure 
drop, with steady-state flow, is as follows: 


2 
&e24.,¢6 a fag iLy%y 7? 
OH yn r.) _~+ age SINO + = oo {6} 
H50 H50 F450 


PRESSURE OROP CUE 
TO THE SOLID PHASE 
VERSUS AIR VELOCITY 
PIPE ANGLE* 32.73° 
PIPE 1.0.+ 389° 

OATE. 3-24-66 


evi swe. 


PRESSURE OROP, PER FOOT OF PIPE OVE ONLY 
TOTme SOLID PHASE (AiR DROP EXCLUOEO) 


so 60 7° so so 100 no 120 130 
Al® VELOCITY FT/SEC 
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The experimentally determined value of the solids’ fric- 
tion factor is f, and the value of the Darcy-Weisback friction 
factor for the flow of air through pipes is fa. 

Assuming that the solids’ friction factor (f,) has been 
determined experimentally, the only other unknown prevent- 
ing the practical use of equation [6] is that of the velocity of 
the solids. The differential equation of motion [3} will 
now be solved for v, in terms of the other variables. 
Equation {3} is simplified by letting 


Apfa 


f 40 
= — © 2 2 ms i 
‘*yeg «6 tgG FTO CF OT ee 
df 
RN = X(vVg—Vs) where x =——9 
a 


Substitution in equation [3] and factoring the variable v, 
from the resulting expression yields the following equation: 


st: v2(0.4r-y) tv, (- O8rv, -*40) 
+04r ve ++ 40v4- 


By recognizing that the only variables in the above equation 
are v, and ¢, it can be reduced to a first-order, first-degree 
differential equation in which the variables are separable. 
This is evident by making the following substitution: 


=O04r-y 


The solution to the above equation is 
2 or Vs + Co — [a 
n ee 
3 2 C\vet Cot+fQ 
where O=C,?—4 C3 ca: 


+C 


Since the initial conditions are v,=0, when t=0, the con- 
stant of integration, C is equal to 


Substituting this in the equation for ¢ and solving for », 

gives 

7 a-c¥ tc 2,-Q _.,-1/0 +4C ve JO etVa 
2C,Co-2C,/Q 

The terminal velocity which particles will reach can now be 


determined by letting > in the previous expression. This 
yields the resultant equation for 2,. 


-2c 
ee 


.” Jce2-acc. : : {7] 


The constants for the above equation are: 


O2A,% f 


ei: 3) Te. 
+" mg 20 
. _ ~04A,FQ%q _ 20 Ayu 
° i mg mgd 
02A,Py 20 Apdfgv 
02 AP a¥a- ee N 
C3= mq +a g SINS 


It is now possible for the engineer using equations [6] 
and [7] to calculate the pressure drop in any straight section 
of pipe, where steady state conditions prevail, knowing only 
f.. fa, and the design specifications. 


Apparatus 


With the above theoretical analysis completed, it was 
then necessary to construct a test apparatus which could be 
used to prove or disprove the equations that had been de- 
rived. The individual measurements which had to be made 
during a test cycle consumed considerable time. Therefore, 
it was felt that a continuous system would have a distinct 
advantage over the type in which it was necessary to recharge 
the hopper manually. It was also necessary to design the 
system so that the test section could be adjusted to any angle 
between 0 and 90 deg. Fig. 2 shows the apparatus with the 

(Continued on page 180) 


Fig.6 62.5-deg Pipe Angle 
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Fig. 7 90-deg Pipe Angle 
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Properties of 
Straight-Sided 
Spline Sections 


HAFTS with multiple integral keys, called splines, are 
S used frequently for power transmission applications, 
such as sliding-gear transmissions and tractor power 
take-offs. Spline shafts are well adapted to mass production 
since the splines can be hobbed on a shaft more economically 
and with less error in spacing than by milling out the spaces 
between the splines individually. All the splines in a female 
part are produced by a single pass of a broach. 

The stress in a spline shaft subject to a bending load 
depends upon the section modulus; the deflection is depend- 
ent upon the moment of inertia. It is often necessary to 
select a spline shaft of a suitable size to limit the deflection 
to a reasonable value. A common practice among design 
engineers is to compute the moment of inertia assuming it 
to be the same as for a solid shaft of a diameter intermediate 
between the root and outside diameters. The accuracy of 
such calculations is dependent upon the designers’ ability to 
estimate a correct mean diameter. The use of correct values 
would permit more precise design calculations. The methods 
of calculating the properties — cross-sectional area, moment 
of inertia, and section modulus—of such sections are studied 
by undergraduate engineers through courses in integral cal- 
culus and mechanics. Standard texts (3, 6)* on the sub- 
ject explain the methods of calculation. 


Paper prepared expressly for AGRICULTURAL ENGINEERING. 
*Numbers in parentheses refer to the appended references. 
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Fig. 2 Determination of the distance from O. 
the neutral axis to the extreme fiber 
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The analysis of the properties of spline sections can be 
approached either by considering the shaft as a round sec- 
tion with portions removed or as a smaller round section 
with the splines added. The latter method was selected 
because the integrals are relatively simple. 

Symbols 
A=area 
d=root diameter of shaft 
D=outside diameter of shaft 
T=moment of inertia about a centroidal axis 


7=moment of inertia about an axis parallel toa 
centroidal axis 


W =width of spline 
Z=section modulus 
Subscript s refers to a property of the spline section. 


Subscripts x and y refer to properties about the horizon- 
tal and vertical axes, respectively. 


Cross-Sectional Area 


The area of the cross section is the sum of the root area, 
1d?/4, and the area of the spline sections. The equation of 
the root circle is x?-+ 7?=d?/4 and the equation of the circle 
forming the outside diameter is x?+ y?=D?/4 with the axes 
selected as shown in Fig. 1. The cross-sectional area of one 
spline is found as follows: 


a= fear = 2f(FF ESF) ax 01 


which when integrated becomes 


A, = 4[w(\orw -\a=W") +p sin! W - 4? sin w) 
{2} 


Moment of Inertia 


The moment of inertia of the shaft section is the sum of 
the moment of inertia of the root section, 7 d*/64, and the 
moment of inertia of the several splines. Considering the 
spline section in the relationship to the coordinate axes 
shown in Fig. 1 


Le fran =2f'(\Poe -\g-) « ax ' 


which becomes 


Le w[5( \ie=w')’ -Y(o=w)”)+ 2 (0 Vor w- dew")| 
[4] 


[3] 


+h(0sin? -d'sir'}) 


AGRICULTURAL ENGINEERING * MARCH * 1957 


ne ee 


dea be 
: a 
. e ee : ai 
lot: at 
ae AY) a 
se ‘ \ ak 
| | : ee . 
Ee "@ z 
a Re eS . 
ce ee cee eee a 
ae ef a 
ae Se Se 4 
hogs ed NE . 
iat oe y, Pn SE - ae 
i oe 38 eof a4 i 
i a ee 172 ee os 


The wide use of spline shafts in the agricultural 
implement industry calls for information on shaft 
selection with regard to stress and deflection 


In a similar manner, I,,, can be established 
Ihe fr'ea= Wide ((OwP Ew) +2 (0° Ww - TW] 


+2,(p'sin'# -d’sin? ¥) [5] 
Because some of the splines are located on inclined axes, 
it would normally be necessary to evaluate the moments of 
inertia about those axes. However, Benford (2) pointed 
out that for any number of equally-spaced splines greater 
than two, the total moment of inertia of the splines is equal 
to one-half the number of splines multiplied by the sum of 
I,,, and Ty,.. Then for the’ entire spline shaft section with 
splines “ 
=7HtB(Lsths) - [6] 


It can also be shown that for ” greater than two, the moment 


Fig. 3 Cross-sectional area of splined shafts 
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Fig. 1 Sketch of a spline 


of inertia is independent of the angular position of the 
splines with regard to the coordinate axes. 


Section Modulus 
The magnitude of the section modulus is dependent 
upon the plane of load application since Z=I1/c in which ¢ 
is the distance from the neutral axis to the extreme fiber. 
When the load is applied in the plane of a spline, the section 
(Continued on page 179) 


Fig. 4 Moment of inertia of splined shafts 
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Bolted Plywood Gussets 


L. M. Staley and L. W. Neubauer 


Assoc. Member ASAE Member ASAE 


LYWOOD has gained widespread acceptance as a 
| aac building material in the construction industry. 

Improvements in quality, inherent rigidity and split 
resistance, large panel size and competitive cost, all combine 
to make plywood ideally suited for gusset and splice plates 
on light truss construction. 

The choice of fasteners presents a designer with several 
possibilities, the selection of which may depend upon such 
factors as availability, cost, location and stress conditions. 
Timber connectors are essential to efficient design of heavy 
timber construction, but present methods of plywood manu- 
facture are not suited to sheet thicknesses adequate for opti- 
mum usage. Glued joints are very efficient and rigid but 
require considerable care in fabrication to insure proper cov- 
erage with glue. Nailed joints are easy to construct but un- 
der some conditions nails will tend to pull, thus weakening 
the joint. Bolts will provide a less rigid connection than 
glue but tests indicate that failure consists of gradually 
crushing wood fibers under the bolt (provided minimum 
end and edge distances are maintained); hence collapse is 
not sudden as is the case with glued joints. 


Design data are available for plywood gussets with most 
fastening methods except bolts. Bolted connections are es- 
pecially desirable in temporary, portable or prefabricated 
structures. Therefore, a series of tests to determine allow- 
able design loads for bolts in plywood was initiated in 1955 
at the University of California at Davis. 


Tests 

Test specimens were made from exterior grade Douglas 
fir plywood 1% in and % in thick for gusset plates, and 
Douglas fir select structural 2x4 as center members. The 
2x4 and plywood both initially air dry were stored in the 
testing room for at least one week before using to permit 
time for moisture equilibrium. Bolts were 4, %, ¥2, 7% and 
1% in in diameter, standard square-head machine bolts with 
a yield point of 45,000 lb per sq in. 

Plywood gussets were cut 4x6 in for bolts 4 in diameter 
and over, and 3x6 in for bolts under 4 in diameter. The 
2x4 in center member was 6 in long. These sizes were ade- 
quate to develop the full bolt bearing strength of the ply- 
wood (4)*. All the gussets used in a series of tests were 
cut from the same sheet of plywood and matched as closely 
as possible. 


Holes were drilled 1/64 in oversize, with sharpened 
twist drills. Gussets were bolted on both sides of the center 
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tively, assistant professor of agricultural engineering, Ontario Agri- 
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*Numbers in parentheses refer to the appended references. 


Because bolted connections are especially desir- 
able in temporary, portable, or prefabricated 
structures, the authors undertook a series of tests to 
determine allowable design loads for bolts in ply- 
wood, the results of which are reported in this paper. 


member, and the bolt tightened with light finger pressure. 
The resulting joints were then tested in compression. This 
was felt to be a more realistic test than had been used in 
the past (4). Frictional resistance between the gusset and 
center member was negligible. 

A minimum of three replications was made on each 
change of variable. Proportional and ultimate limits were 
picked from load-deflection recorder charts. Results were 
averaged to obtain a representative value for each set 
of conditions. 


Variables 

At least twelve separate variables influence the strength 
of bolted plywood joints. For purposes of this study only 
four were investigated. These are 

¢ angle between direction of load and grain of the face 

ply 

¢ plywood thickness 

¢ bolt diarneter 

¢ bolt tension. 


Other variables which were eliminated or held constant are 
* condition of the bolt hole (1) 
¢ hole clearance 
¢ end and edge distance (4) 
¢ grade and plywood species 
* moisture content (2) (3) 
rate of loading (6) 
degree of shear on the bolt 
* size of center member. 


observed 
ultimate 
limits 


observed 
proportional 


limits 


TOTAL LOAD, pounds 


Hankinson's 
equotion 


o 22$° 45° 


; 675° 90° 
LOADING ANGLE 


Fig.1 Variation of proportional and ultimate limit loads with 

angle of load to the direction of the face ply grain. The use of 

Hankinson’s equation for determining allowable loads at any angle 
requires a correction in the region from 25 to 65 deg. 
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Fig. 2 Plywood bolt-bearing failure showing supporting effect of 
adjacent fibers. Adjacent plies are also influenced by transfer of 
stress through the glue 


Loading Angle 


Fifteen tests were devoted to determining the effect of 
angle of loading on the strength of joints with -in-diam 
bolts and %-in plywood gussets. 

Fig. 1 shows the variation in load at the proportional 
and ultimate limits for five loading angles. Hankinson’s 
equation (5) has been applied to individual sheets of veneer 
and summed to give the results also shown in Fig. 1. 


Hankinson’s equation is widely accepted as the most 
reliable means of determining allowable compressive stres- 
ses at any angle to the direction of grain. These data in- 
dicate, however, that the equation is considerably on the con- 
servative side for loading angles between 25 and 65 deg to 
the face ply grain. 

One possible reason for this lack of agreement is the 
supporting action of adjacent fibers and plies when loads 
are at angles other than parallel to the grain. The nature of 
this assistance is partly due to shear and tension stresses. 
This sphere of influence is illustrated in Fig. 2. The ex- 
ample also points out the tenacious qualities of plywood. 
Provided adequate edge and end distances are maintained, 
failure is a gradual crushing of plywood fibers under the bolt. 

For most purposes plywood of nearly balanced design 
(equal thickness of face plies and cross plies) can be 
assumed to exhibit equal strength for any loading angle. 


Bolt Tension 


Tests indicate that tight bolts materially increase the 
strength of a joint. Bolts (44-in diam) were tightened to 
a tensile stress of 15,000 and 30,000 psi in ¥2-in plywood 
gussets. Heavy steel plate washers were required to dis- 
tribute the stress and prevent crushing of the plywood. 

Results are summarized in Table 1 and illustrated in 
Fig. 3. The strength of the joint increases rapidly with in- 
creased bolt tension. Therefore, if the lumber is known to 
be dry prior to fabrication, one could allow an extra 1000 Ib 


TABLE 1. LOADS SUPPORTED BY JOINTS WITH VARIOUS 
BOLT TENSIONS 


(One-half-inch-diameter bolts and /2-in plywood gussets) 


Bolt tensions, Proportional limit, Ultimate limit K—_Prop limit 


psi Ib Ib Ult. limit 
0 3030 4250 0.71 
15,000 4850 6220 0.78 
30,000 5360 7260 0.74 


Average K=0.74 


1957 * MARCH * AGRICULTURAL ENGINEERING 


a 


ultimate 


6000 


4000 


TOTAL LOAD, pounds 


° 15000 
BOLT TENSION, p.s.i. 
Fig. 3 Variation of joint strength with increase in bolt tension 


for \4-in gussets and 4-in-diam bolts. Note the rapid increase in 
joint strength with increased bolt tension up to 15,000 psi 


per bolt due to friction. Then with a basic load of 3000 lb 
plus 1000 Ib due to friction and taking a safety factor of 2, 
we have a safe design load of 2000 lb per bolt. This is 
equivalent to an average stress of 4000 psi for fully tight- 
ened ¥4-in-diam bolts in %2-in plywood gussets. 

If the joint is likely to experience very damp and dry 
cycles, no increase in strength due to friction should be 
allowed. Swelling would cause crushing of the plywood 
under the washers, then, on drying, shrinkages would reduce 
the bolt tension and friction. 

Tight bolts appear to distribute the load more uniformly 
between the components of the joint. For example, the bolt 
holes in gussets and center member are about equally dis- 
torted at failure; the bolt has undergone an increase in effec- 
tive stiffness as pointed out in bolt (D), Fig. 4. 

Bolt Size 

The progressive stiffness of the bolts with increasing 
diameters as shown in Fig. 4 is also in general the main 
component limiting the elastic range of the joint. This is 
readily apparent when joint strength at the elastic limit is 


Fig. 4 Bolt stiffness is influenced by length and by diameter as 
shown (A, % in, to E, %in). Note the increased stiffness by 
tensioning the bolt D (4 in) as compared to C (1% in). 
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. . . Bolted Gussets 


bolt bending Plywood ond center member failure 


6000 


a 
° 
° 
°o 


4000 


loads due to 
bolt resisting 
moment 


experimental 
results 


2000 


PROPORTIONAL LIMIT LOAD, pounds 


1000 


BOLT DIAMETER, inches 


Fig.5 Total proportional limit load carried by 12-in plywood gus- 

sets with various bolt diameters. Joint strength is influenced by the 

resisting moment of the bolt for diameters less than 42 in. Similar 

results are obtained with %4-in gussets but at higher loads for bolts 
Y in diameter and over 


compared with bolt diameters in Fig. 5. For bolt diameters 
smaller than 4 in, the joint strength varies as the cube of 
the bolt diameter indicating the bolt resisting moment influ- 
ence. Bolts ¥-in diameter and over are sufficiently stiff to 
bring about failure in the gusset and center member. Hence 
the curve begins to increase less rapidly tending to vary with 
bolt diameter or bearing area. 

Three-quarter-inch plywood gussets gave similar results 
but at higher loads for bolts /-in diameter and over. 


Length to Diameter Ratio 


Hansen (2) points out that the strength of a bolted 
joint depends partly on the slenderness ratio of the bolt. 
The effective length of the bolt is assumed in this study to be 
the thickness of the center member plus one-half the thick- 
ness of each gusset. Comparing the proportional-limit av- 
erage stress of the plywood with length-to-diameter (L/D) 
ratios indicates that average bolt bearing stresses for 2 and 
¥%-in plywood gussets follow two separate but similiar 
relationships. Maximum proportional limit stress occurs in 
both cases for L/D values between 3 and 5. Referring to 
Fig. 6, note that the proportional limit stress decreases either 
way from L/D ratios between 3 to 5. The results shown in 
Fig. 6 are reduced by a safety factor of 2 from experimental 
values. 

For design purposes the average bolt bearing stress can 
be divided into three regions of straight-line variations. 
Working stresses can also be approximated with a sinusoidal 
relationship. Using a straight-line variation, safe working 
stresses are given by the following for plywood gussets: For 
Y-in gussets— 


0<L/D<3 s~=1000+% (1000 L/D) 
3<L/D<5  5w=3000 psi 
S<L/D<12 5~=3000—460 (L/D—5) . 


[1] 


[2] 
For %4-in gussets— 
0<L/D<3  5=1000+1.45/3 (1000 L/D) 
3<L/DE5  S5w=2450 psi 
S<L/D<12 s5w=2450—350 (L/D—S5) . [4] 
The sine relationship has a period of 7L/9D radians 
for both 2 and ¥%4-in gussets. The basic stress is 1000 psi and 


the total thickness, ¢, in inches of the plywood gussets can 
be expressed in a safe working stresst 


Sw= 1000+ 2000/t sin xL/9D 


[3] 


[5] 

The sine relationship gives a slight overstress in the re- 
gion for L/D from 5 to 9, the safety factor actually being 
reduced from 2 to a minimum of 1.75. 

It should be noted that these equations apply only to 5- 
ply plywood of good balanced design and loads parallel to 
the face grain. If some safety factor other than 2 is desired, 
it is only necessary to change the constant term and/or the 
coefficient of the sine term. The simplicity and ease of appli- 
cation probably makes the sinusoidal variation the most 
practical from a designer's viewpoint. 


Conclusions 
e Hankinson’s equation is too conservative for calculat- 
ing bolt bearing strength at angles to the face grain. 
¢ Plywood with balanced design will have approximately 
equal strength at any loading angle. 


¢ Joints made from dry structural lumber and used in a 
continuously dry location could be designed for an 


+If the sine relationship is more convenient in degrees, then 
2000 . L 
Syw= 1000+ — sin 20 5. 


Propgrtional limits 
for + gussets 


proportional limits 
for 2 gussets 


py 
° 
°o 
°o 


equations 
1&2 


equation 5 
rf gussets 


BOLT BEARING STRESS, psi. 
8 ro 
a 


tgs equation 5 


+ gussets 


1000 


fe) 2 4 6 8 10 
L/o 


Fig.6 Variation of proportional limit bolt-bearing stress with bolt 
L/D ratio and proposed safe-working stresses given by equations 


{1} to [5} 
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extra 500 Ib per bolt, provided the bolt is fully tight- 
ened and the allowable loading on the truss member is 
not exceeded. 


¢ Tight bolts improve the joint design by distributing 
the load more uniformly between the joint components. 

¢ Increased bolt diameters would not increase the allow- 
able friction load since compression perpendicular to 
the grain becomes the limiting factor. 

¢ The most efficient joint design is obtained with length- 
to-diameter ratios for the bolt between 3 and 5. 

 Safe-working bolt-bearing stresses for 5-ply exterior- 
gtade Douglas fir plywood can be expressed as a sinu- 
soidal relationship with bolt L/D ratios. 


ese 
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ASAE COMMITTEE REPORTS 


Sprinkler Irrigation Research Committee 

Two tentative standards proposed by the Sprinkler Irri- 
gation Research Committee have been approved by the 
Council of ASAE for publication in the 1957 edition of the 
AGRICULTURAL ENGINEERS YEARBOOK. The first is a tenta- 
tive minimum standard for irrigation equipment; the other a 
standard for compiling design data for sprinkler irrigation 
systems. 

The standard for irrigation equipment establishes mini- 
mum standards for a single category—150-lb class aluminum 
irrigation tubing. It is anticipated that other categories will 
be added when standards are formulated to provide reason- 
able protection and a margin for deterioration in service so 
as to give a reasonably long, safe period of usefulness. 
The standard will serve as a reference for minimum re- 
quirements by sprinkler irrigation systems. The technical 
specifications were agreed upon by irrigation equipment 
manufacturers’ representatives at a meeting with the Tech- 
nical Committee of the Sprinkler Irrigation Association. 
They were subsequently revised and approved by the ASAE 
Sprinkler Irrigation Research Committee and the ASAE-SIA 
Liaison Committee. 

The second tentative standard is a data sheet developed 
by the ASAE Sprinkler Irrigation Research Committee in 
cooperation with the Sprinkler Irrigation Association, U. S. 
Farm Home Administration and U. S. Soil Conservation 
Service. Its purpose is to meet the needs of the field engineer 
for a data form on which all pertinent information for the 
design of a sprinkler irrigation system would be recorded 
and kept as a permanent record. It could be used also as a 
standardized form for submitting bids for sales of such 
systems. 


Committee on Radiation 

A report from John E. Nicholas, chairman of the ASAE 
Committee on Radiation, lists the proposed objectives and 
activities of that committee for 1956-57. Need for a radia- 
tion committee whose interest in the use of radiation to agri- 
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cutlure is stated to be: (a) to study electrical, electro-mag- 
netic and magnetic phenomena produced by life process— 
plant and animal—and measure biologically generated radia- 
tion of living cells, (b) to study effects of high frequency 
radiation upon bacteria, enzymes, and disease organisms, (c) 
to apply knowledge of radiant energy to agricultural prob- 
lems, (d) to establish the electro-chemical relations of plant 
nutrients, and (e) to determine the electrical potential of 
insects and how it is affected by insecticides. 

The objective of such committee is to study these prob- 
lems, encourage research in this field, guide and assist and 
stimulate the agricultural scientists in all branches. 

Chairman Nicholas urges ASAE to assume the leadership 
in this area by implementing a program, through this com- 
mittee, to meet the challenge of applying new methods, 
techniques and knowledge of radiation of all types to 
agriculture. 


Committee on Farm Safety 

During the winter meeting of ASAE in Chicago, V. S. 
Peterson, chairman of the Committee on Farm Safety, 
pointed out the need for greater participation by all ASAE 
members in the farm safety program. The committee, called 
together for a special session, outlined a program of action 
for the coming year in line with Chairman Peterson's 
recommendations. 

Proposed ASAE standards under study by the committee 
include the highway lighting problem, electric fence con- 
trollers, silo hazards and pressure fertilizer hazards. It was 
recommended that farm safety be included in every major 
ASAE program when applicable. This would include the 
programs of the general session as well as the programs of 
each major division. 

The National Safety Council was commended by the 
committee for its approach to the corn picker accident sur- 
vey. It was further agreed that Republic Steel Corp. be 


formally recognized for supplying subscriptions to Farm 
Safety Review for all members of ASAE. 
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order rank of storm-runoff 
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events and the magnitude of 
the event for two streams in 


Texas and one in Arkansas 
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Cv = 2. 


pared with curves from similar streams. Certain types of 
data from homogeneous regions will tend to group. The 
tendency can be used to reduce errors and discrepancies in 
single station records. Fig. 5 shows the relationship of the 
order rank of storm-runoff events and the magnitude of the 
event for two streams in Texas and one in Arkansas. These 
three curves show clearly the regional influence upon the 
range or dispersion of values as reflected by the coefficient 
of variation. 

It is extremely difficult to define a satisfactory frequency 
curve, even for the period of record, from data such as that 
represented by the records from the South Concho River at 
Christoval. The sample is obviously not homogeneous and 
frequency analysis is not recommended. It should be noted 
that for these data the coefficient of variation is about 6 
times as great as 0.364, which is the value postulated by the 
theory of extreme values. The extrapolation of a theoretical 
or graphical curve fitted to the points would be extremely 
hazardous. 

The data from the Clear Fork of Trinity River repre- 
sent a sample in which the coefficients of skew and varia- 
tion are within the range where, by fitting various theoretical 
curves to the data, satisfactory agreement is obtained in esti- 
mating the magnitude of an event that would be expected to 
occur no more frequently than once in twice the period of 
records. This is not strictly a homogeneous sample but it 
may be used with caution. If the theoretical curves and the 
curves fitted to the plotting points by eye are extrapolated to 
100-year frequency the difference in runoff indicated at that 
frequency is approximately 50 percent. See Fig. 2. 

The data from the White River represent a sample in 
which the coefficients of variation and skew are only slightly 
above that postulated by the theory of extreme values. Fre- 
quency curves determined from the data by the five methods 
illustrated show only a slight difference in the value of the 
100-year frequency event. Extrapolation of any of the 
curves to 3 or 4 times the period of record could be accom- 
plished with confidence. 
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. . . Straight-Sided Splines 


(Continued from page 173) 


modulus has the least value and Z=21/D. The section mod- 
ulus is greatest when the load is applied in a plane midway 
between two splines, and referring to Fig. 2 it is seen that 
ignoring radii or chamfers on the corners of the splines 


c=3{45 + -Wcot e] cos e} - {7} 


Polar Moment of Inertia 


The formulas commonly used for calculation of torsional 
deflections and stresses involve the polar moment of inertia. 
They are applicable only to shafts of round cross section be- 
cause, according to a principle stated by Saint Venant in 
1853, the maximum stress due to torsion of a non-circular 
section cannot occur at the extreme fiber. Consideration of 
the membrane analogy discussed by Lee (4) indicates that 
the maximum torsional stress is more likely to occur at the 
root of the spline. McCain (5) stated: ‘Torsional tests of 
plain splined shafts have indicated that their strength is 
equivalent to a plain shaft of a slightly less than the minor 
diameter.” Consequently, although the polar moment of 
inertia is double the moment of inertia in bending, 
at the present it has no practical significance for splined 
members. Apparently the best assumption for the calcula- 
tion of torsional stresses and deflections is to consider a 
splined shaft to have a circular cross section equal to the 
root diameter. 


Spline Shaft Proportions and Properties 


An SAE Standard (1) adopted proportions for soft- 
broached holes in fittings with 4, 6, 10, and 16 splines. 
There are three classes of fit: permanent fit, to slide when 
not under load, and to slide under load. For a given num- 
ber of splines, only the ratio of root diameter to outside 
diameter changes with the class of fit; the spline width 
remains a constant fraction of the outside diameter. 

Generally, mating splines are designed to provide a fit 
on either the root or outside diameter with clearance pro- 
vided on the diameter where a fit is not desired. Ordinarily 
only a small clearance, on the order of 0.002 in, is left be- 
tween the sides of the male and female splines. Conse- 
quently, the standard proportions generally do not apply to a 
spline shaft except that the spline width will approach 
closely the standard width. Fig. 3 presents graphically the 
area of 4, 6, 10, and 16 spline sections for the standard 
spline widths of 0.241D, 0.250D, 0.156D, and 0.098D, re- 
spectively. Likewise, Fig. 4 presents values of moments of 
inertia. In Figs. 3 and 4 the differences between values for 
10 and 16 splines are so small that separate curves cannot 
be shown. 

Because the standard spline width is based on the female 
part, the values given in the curves are not the precise values 
for a mating part. However, the error is small, as can be 
seen from an example of the 1%-in diameter 6-spline shaft 
which is standard for power take-off drives. The minimum 
outside diameter is 1.371 in, the minimum root diameter is 
1.098 in, and the minimum spline width is 0.338 in. Thus, 
d/D is 0.8009 and W is 0.2465D. Assuming W is 0.250D 
as in the curve in Fig. 4, I is 0.0356D‘. The value of J com- 
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puted from equations 4, 5, and 6 using W=0.2465D is 
0.0354D*. This is an error of only 0.5 percent as compared 
to an error of 8.8 percent if the section is assumed to be 
equivalent to a solid shaft of 1.2345-in diameter, the mean 
between the root and outside diameters. The presence of a 
small radius at the root of the splines and a radius or cham- 
fer on the outer corners will have a negligible effect on the 
values of the cross-sectional area and moment of inertia. 

The distance from the neutral axis to the extreme fiber 
for the greatest section modulus with each number of splines 
is given in Table 1: 


TABLE 1. DISTANCE FROM NEUTRAL AXIS TO EXTREME 
FIBER FOR GREATEST SECTION MODULUS 


No. of splines Spline width Distance to extreme fiber 
4 0.241D 0.4283D 
6 0.250D 0.4818D 
10 0.156D 0.4938D 
16 0.098D 0.4976D 


The values are for splines without a radius or chamfer on 
the outer corners and are applicable only if the spline root 
radius does not exceed the tabulated value. 


Summary 


Exact equations have been presented for the determina- 
tion of cross-sectional area, moment of inertia, and section 
modulus of machine members with straight-sided splines, 
assuming sharp corners at the root and outside diameters of 
the splines. The curves present solutions of the equations 
for splines of standard widths. The curves and data are suf- 
ficient for accurate calculation of shear stress, bending stress 
and beam deflection of shaft and fittings with 4, 6, 10, or 
16 splines of standard widths. 
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. . . Pneumatic Conveying of Grain 
(Continued from page 171) 

test section in a vertical position. Four-inch aluminum irriga- 

tion pipe was used throughout the system. 

The particles were introduced into the airstream through 
a bucket-wheel feeder. This was necessary since the static 
pressure within the pipe reached as high as 12 in of water 
which ruled out the use of an injector or constricted-area- 
type feed. 

Following is an explanation of the procedure used to de- 
termine the various pressure differentials: 

Six static-pressure taps were located at four-foot intervals 
along the test section. The first tap was located 10 ft from 
the 180-deg bend. This was necessary to allow the particles 
to reaccelerate to their terminal velocity before the pressure 
differentials were recorded. The six equally spaced taps 
were necessary to insure against false pressure differential 
readings which might include acceleration losses. If steady- 
state conditions prevailed, each of the four stations would 
register equal pressure differentials. However, if the par- 
ticles were still undergoing acceleration, the pressure differ- 
ential recorded at each station would become successively 
smaller as the particle acceleration diminished, until constant 
readings were recorded when the particle acceleration was 
zero. 

Soft white winter wheat was chosen as the material for 
testing the validity of equations {5}, [6}, and [7}. Several 
pressure differentials were recorded for different air veloc- 
ities and flow rates at each of four pipe inclinations. A thin 
plate orifice installed before the grain inlet was used to 
measure the air velocity in the system. Five circular cali- 
brated plates were used to obtain the desired flow rates. 
Discussion of the results of these test runs follows. 


Test Results 


The method used to determine the experimental solids’ 
friction factor, f,, is explained in the following paragraphs. 

The experimental pressure drops for a pipe angle of 
0 deg were plotted against air velocity as shown in Fig. 4. 
Next a line of best fit was drawn through each group of 
points representing one of the five flow rates. (These are 
not the dotted line shown in the figure.) From each of the 
five experimentally determined curves, it was possible to 
calculate a curve (graph not shown) of air velocity versus 
particle velocity. This curve was compatible with the experi- 
mentally determined points for that one flow rate. Theo- 
retically, the five pressure - drop - versus - velocity curves 
should transpose into one identical curve on the graph of 
air velocity versus particle velocity. The method of calculat- 
ing the latter curve from the former is as follows: Equation 
{6} was solved for f, and set equal to equation [5}, thus 
eliminating f, as a parameter. For any given air velocity 
and flow rate, the only variables left in the resulting equation 
were v, and C. Now 0.4+40/79.9 (va—v,) could be sub- 
stituted for C, thus leaving a simple quadratic equation in 
one unknown, »v,. After such a curve was drawn for each 
flow rate, an average curve was fitted and used to calculate 
the f, curve shown in Fig. 3. Fig. 3 was in turn used to 
calculate the theoretical curves shown in Figs. 4, 5, 6, and 7. 
The degree of accuracy with which the theoretical curves, 
shown in Figs. 5, 6, and 7, match the experimentally deter- 
mined points is a measure of the validity of the theory de- 
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veloped. Fig. 4 can not be used as a basis of comparison 
since it was used to establish f,. 

From Figs. 4, 5, 6, and 7 it can be seen that for a given 
air velocity the pressure drop increases as the pipe angle 
increases. This is in agreement with equation [6]. At a 
pipe angle of 0 deg, the pressure loss and air velocity possess 
a linear relationship, which is compatible with the theory 
developed. As the pipe angle increases, the pressure loss 
increases at a faster rate for low air velocities than it does for 
high air velocities. This phenomenon is due to the decrease 
in particle velocity as the pipe angle increases, air velocity 
and flow rate remaining constant. Since this will cause an 
increase in the density of the dispersed solids, pas, there will 
be an accompanying increase in the static-head loss. This 
same argument can be advanced to explain the change in 
slope from positive in Fig. 4 to negative in Fig. 5. 

If the curves in Figs. 5, 6, and 7 were extended to include 
an air velocity of infinity, they would again become linear 
and possess the slope of their equivalent curve in Fig. 4. 
The following explanation is advanced for this: As the air 
velocity increases to infinity, the pa, decreases to zero; thus 
the entire solids’ pressure drop is due to the sliding com- 
ponent as it is in Fig. 4. 


Conclusions 


* The experimental data obtained to date indicates that 
the theoretical analysis is valid. However, at least one 
more pipe diameter should be tested before experimen- 
tal friction factors are determined for other grains. 


* Pressure drop due to the solids increased as pipe incli- 
nation increased. 


¢ Pressure drop due to the solids increased as the air 
velocity decreased and the pipe angle increased. 


* Pressure drop due to the solids increased as flow rate 
increased for any given air velocity and pipe incli- 
nation. 


¢ A linear relationship existed between the pressure 
drop due to the solids and the flow rate, for any given 
velocity. (This is not graphically illustrated in this 
paper. ) 

¢ The static head component of pressure drop decreased 
as air velocity increased. 


¢ The sliding component of pressure drop increased 
linearly as air velocity increased. 
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Following are brief reviews of papers presented at ASAE meetings or other agricultural engineer- 


ing papers of which complete copies are available. 


Information concerning copies of these papers 


may be obtained by writing to the American Society of Agricultural Engineers, St. Joseph, Mich. 


Methods of Estimating Evapotranspira- 
tion, by G. Levine, assistant professor of 
agricultural engineering, Cornell Univer- 
sity, Ithaca, N. Y. Presented at the winter 
meeting of ASAE in Chicago, IIl., De- 
cember, 1956, on a program arranged by 
the Soil and Water Division. Paper No. 
57-13. 


This paper served as the introductory 
paper to the symposium on evapotranspira- 
tion. It reviews briefly some of the methods 
that are available for evaluating evapotrans- 
piration from observable meteorologic data. 

These methods can be grouped into three 
categories: empirical methods in which ar- 
bitrary factors are fitted to existing data, 
theoretical methods based upon the theory 
of vapor diffusion, and theoretical methods 
based upon the balance of energies available 
and used in the evaporation process. The 
Blaney-Criddle and Thornthwaite methods 
are representative examples of the first 
category. The Thornthwaite-Holzman equa- 
tion is representative of the second group, 
and the Penman method is an example of 
the energy-balance theory. 

Each of these methods is discussed in the 
paper and includes, in addition to the basic 
assumptions, comments upon the advantages 
and limitations inherent in each method. An 
example of the calculations involved in 
these three methods is presented, using data 
representative of areas in which the methods 
have been used. 


Heating Farm Homes with Electricity— 
Resistance, by Sterling S. Sanford, super- 
visor of steam sales, Detroit Edison Co. 
Presented at the winter meeting of ASAE 
in Chicago, IIl., December, 1956, on a 
program arranged by the Rural Electric 
Division. Paper No. 57-17. 


The two general types of resistance heat- 
ing systems are where the heaters are located 
in the rooms to be heated, and where the 
heater is located at a central point and heat 
is distributed by pipes or ducts. The first 
type is the more common and is the one 
discussed in this paper. Electric heating 
equipment is divided into three classes: ceil- 
ing heating, wall heaters, and baseboard 
heaters. 

The paper explains that it is good prac- 
tice to insulate an electrically heated house 
with 4 to 6in of insulation in ceilings, 
3%. in in walls and 3 in under floors. The 
heat loss of a house can be calculated by 
conventional methods and expressed in Btus 
per hour or watts. Thirty-five electrically 
heated homes in southeastern Michigan were 
studied by use of meters on the heating 
load, and averages cited. The kilowatthours 
consumed were the same as woui! be ob- 
tained from the FHA and NEMA formulas 
for space heating if constants of 14.1 and 
24.1, respectively were used. 

The amount of heat used was less than 
usually supplied by fuel-fired equipment be- 
cause no outdoor air is needed for combus- 
tion thus reducing loss by air changes, room 
control eliminates overheating, the tempera- 
ture is reduced in unused rooms, people are 
more careful with the use of electric heat 
than with fuel because of cost, and there are 
no losses from a central unit. Some of the 
advantages claimed for electric heat are 
cleanliness, safety, comfort, convenience, re- 
liability, quietness, appearance, space saving, 
low maintenance and low first cost. 


1957 * MARCH * 


ee nee ee 


Equipment For Placement of Fertilizer 
and Seeding in Permanent Sod, by 
T. N. Jones, agricultural engineer, Mis- 
sissippi Agricultural Experiment Station, 
Mississippi State College. Presented at 
the winter meeting of ASAE in Chicago, 
Ill., December, 1956, on a program ar- 
ranged by the Power and Machinery 
Division and the National Joint Com- 
age on Fertilizer Application. Paper 


No. 57-15. 


The practice of sod seeding has intro- 
duced a new principle for seeding grazing 
crops in established sod, such as_ small 
grains, grasses and legumes during the 
period when the sod is dormant, or near 
dormant. It can also be used to plant 
summer crops in grain stubble. This paper 
points out that this principle does not des- 
troy the sod, but, if seeded on the contour, 
prevents major soil and water loss and 
reduces the cost of seeding grazing crops. 


Recent developments in farm equipment 
have made this practice practicable. Equip- 
ment has been designed or adapted to open 
a narrow furrow in existing sod, deep place 
fertilizer, with seed above but not in con- 
tact with fertilizer, that results in minimum 
disturbance of the sod. In order to serve 
the farm areas, several machines have been 
developed, including two-row tandem ma- 
chines with combinations of fertilizer appli- 
cators. 


Trends In The Use Of Liquid Fertilizer, 
by H. H. Tucker, agricultural service di- 
rector, Sohio Chemical Co., Lima, Ohio. 
Presented at the winter meeting of ASAE 
in Chicago, Ill., December, 1956, on a 
program arranged by the Power and Ma- 
chinery Division and the National Joint 
Committee on Fertilizer Application. 
Paper No. 57-19. 


This paper discusses the use of liquid 
fertilizers, anhydrous ammonia and nitrogen 
solutions as an additional method of supply- 
ing needed plant nutrients to growing crops. 
The advantages include the ease of transfer 
and handling, speed of application and 
ready availability to growing plants. The 
methods of applying different types of liquid 
fertilizer are explained and the factors that 
determine the extent of use of this method 
of fertilization are discussed. 


Heat Transfer in Cooling Fruits and 
Vegetables, by Rene Guillou, agricul- 
tural engineer, University of California, 
Davis. Presented at the winter meeting 
of ASAE in Chicago, IIl., December, 
1956, on a program arranged by the Com- 
mitte on Agricultural Processing. Paper 
No. 57-16. 

Effectiveness of a cooling operation is 
measured conveniently by the time in which 
the temperature difference between the prod- 
duct and the heat sink is reduced by one- 
half. This paper develops the mathematical 
relations of such a half-cooling time to inter- 
mediate times and temperatures, pointing 
out the ease with which this constant is 
determined and that it gives by inspection 
the times in which the initial temperature 
difference will be reduced by %4, 7%, etc. 

Refrigeration supplied mechanically or by 
ice usually constitutes one-half or more of 
the total cost of cooling. Losses from con- 
duction and infiltration into cooled spaces 
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and from the energy introduced by large fans 
may exceed the heat given up by the prod- 
uct and should be estimated in a new de- 
sign. Exposing containers to moderate air 
velocity in a cold room or refrigerator car is 
the simplest cooling method. The paper 
points out that time is saved by blasting air 
into open containers or by placing containers 
in high-velocity air in a tunnel, but fan and 
refrigeration costs are increased. Forcing air 
through containers by static pressure is un- 
der investigation and may be equal in speed 
to other methods of air-cooling and more 
economical of fan power. 


The complete paper discusses hydro-cool- 
ing and vacuum cooling and appends a table 
of half-cooling times. 


Some Notes on Drainage Structures, by 
M. M. Culp, head, design section, (SCS), 
USDA, Washington, D. C. Presented at 
the winter meeting of ASAE in Chicago, 
Ill., December, 1956, on a program ar- 
ranged by the Soil and Water Division. 
Paper No. 57-18. 


Drainage structures may be classified on a 
functional basis as removal structures, pro- 
tection structures, accommodating structures, 
and sustaining structures. Removal struc- 
tures remove and convey the excess water 
from the area being drained. Protection 
structures protect the area from external 
water. Accommodating structures are those 
that are necessary to accommodate the drain- 
age works to the other works and necessities 
of man. The sustaining structures are those 
which support or prolong the usefulness of 
the previous classes. 


The paper points out that structural dur- 
ability depends upon sound design and con- 
struction, but, because many drainage struc- 
tures are small, too little attention is given 
to this. A description of the Island Type 
Dam as to the way it works and the economy 
of its design is included. This type structure 
is desirable for controlling head erosion at 
the upper end of many open ditches and to 
provide stable outlet for tile lines from 
upstream areas. 


Field Evaluation of Evapotranspiration, 
by William A. Raney, soil scientist, ARS, 
USDA, Beltsville, Md. Presented at the 
winter meeting of ASAE in Chicago, IIl., 
December, 1956, on a program arranged 
by the Soil and Water Division. Paper 
No. 57-20. 

This paper reports that in the eastern 
one-half of the United States evapotranspi- 
ration can be measured in 40 x 40-ft irriga- 
tion plots with relatively high precision and 
accuracy. In such cases, soil moisture meas- 
urements, which are used as indices of 
moisture accretion and depletion, may serve 
as a basis for calculation of evapotranspira- 
tion. In addition to measurement of mois- 
ture content, the movement of moisture, both 
laterally and vertically out of the root zone, 
must be measured. Evapotranspiration is the 
difference between total moisture depletion 
from the plots and the amount of moisture 
that moves laterally and vertically beyond 
the root depth. 
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Irrigation Congress 

The Third International Irrigation Con- 
gress will meet April 29 to May 18 in Cali- 
fornia. Registration, inaugural, and tech- 
nical sessions from April 29 to May 4 will 
be held at the Sheraton-Palace Hotel in San 
Francisco. The closing session on May 18 
will be held at Los Angeles. 

Study tours have been arranged for May 
6-17. Visits will be made to irrigation and 
drainage works, to irrigated farms, and to 
places of general interest. Local visits will 
be arranged both in San Francisco and in 
Los Angeles, and there will be a separate 
program for the ladies. 

The technical sessions will be devoted to 
discussion of questions on canal lining, soil 
water relationship in irrigation, hydraulic 
structures on irrigation and drainage sys- 
tems, and the interrelation between irriga- 
tion and drainage. The committee expects a 
record attendance because of the growing 
concern with water problems. 

The Irrigation and Drainage Division of 
the American Society of Civil Engineers will 
hold a conference on April 29-30, and a 
joint meeting with the Pacific Coast Section 
of the American Society of Agricultural 
Engineers and the Soil Scientists Association 
of America on April 30. Delegates to the 
Third Congress are invited to the conference 
and the joint meeting. 


Elected to Life Membership 

The Council of ASAE during its winter 
meeting sessions at Chicago in accord with 
the provisions of Society By-Laws conferred 
upon the following members the grade of 
Life Member: C. J. Allen, L. R. Clausen, 
A. W. Clyde, C. M. Eason, F. C. Fenton, 
L. F. Livingston, R. P. Messenger, Virgil 
Overholt, B. B. Robb, G. L. Shanks, C. W. 
Smith, H. B. Walker and W. W. Weir. 


So. Dakota AE Building Burned 


The agricultural engineering building at 
South Dakota State College was destroyed 
by fire January 22. Only five pieces of agri- 
cultural machinery, some desks, book cases 
and about 75 percent of research records 
were saved. In addition to being the home 
of agricultural engineers, the building fur- 
nished rooms for several agriculture and 
mathematics classes. The loss was not cov- 
ered by insurance. 

The teaching program is continuing under 
temporary housing and rearranged class 
schedules. 


EJC Income Report 


The Engineers Joint Council 1956 report 
of professional income of engineers is now 
available for general distribution. It is 
priced at $1.50 per copy. 

This report is based on engineering in- 
come figures for 1956 on about 110,000 
engineering graduates employed in industry, 
government and engineering education. Data 
is presented in various graphic and tabular 
forms. 
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Student Transfer Contest 

Several of the ASAE Student Branches 
have entered a “Membership Transfer” con- 
test. Competing Branches have supplied 
ASAE headquarters with a list of names of 
graduating seniors. At the end of the year, 
the number of these seniors who apply for 
admission into the Society will be reported 
and the percentage that transfer will con- 
stitute the score for the Branch. 

In addition to getting the graduates off to 
an early start in the affairs of their profes- 
sion, the contest will actually help them to 
save the expense of the Society’s admission 
fee. ASAE By-Laws permit a graduate in 
agricultural engineering to transfer from 
student to corporate membership without 
paying the admission fee, provided his ap- 
plication is received at ASAE headquarters 
by December 31 of the year of graduation. 
By submitting his application as required for 
the Membership Transfer Contest, the 
student will meet this requirement and save 
the admission fee. 

The first Branch to submit an entry list 
was the Idaho Student Branch. They were 
followed closely by Texas, Missouri, Ala- 
bama, and Oregon. Several others have in- 
dicated that their lists would be mailed in 
the near future. 


Irrigation Conference 


The Pennsylvania Sprinkler Irrigation 
Conference will be held in the Extension 
Conference Center at the Pennsylvania State 
University Campus on March 28-29. The 
discussions will be of interest to agricultural 
county agents, irrigation equipment manu- 
facturers, distributors, dealers and salesmen, 
soil conservation technicians, electric power 
suppliers and others who are in a position 
to advise farmers concerning the design, pur- 
chase and operation of irrigation systems. 
Several ASAE members are included on the 
program. 


ASAE Meetings Calendar 


March 28 and 29 — SOUTHWEST SECTION, 
Memorial Student Center, A & M College 
of Texas, College Station, Texas 


March 29-30 — Mip-CENTRAL SECTION, Ho- 
tel Robidoux, St. Joseph, Mo. 


April 5-6 — Rocky MOUNTAIN SECTION, 
University of Wyoming, Laramie 


April 11-12 — ALABAMA SECTION, Battle 
House Hotel, Mobile, Ala. 


April 11-12 — PENNSYLVANIA SECTION, 
Pennsylvania State University, University 
Park 


April 24 — MICHIGAN SECTION, Howell Boy 
Scout Camp, Brighton, Mich. 


April 26 — Quap City SEcTION, place not 
announced. 


April 26-27 — FLoripa SECTION, Lakeland, 
Fla. 

April 27 — Onto SECTION, Ohio State Uni- 
versity, Columbus 

June 23-26 — GOLDEN ANNIVERSARY 
ANNUAL MEETING, Michigan State Uni- 
versity, East Lansing 

August 27, 28 and 29 — NortH ATLANTIC 
SECTION, University of Delaware, Newark 


December 15-18—WINTER MEETING, Edge- 
water Beach Hotel, Chicago, Ill. 
Note: Information on the above meetings, 


including copies of programs, etc., will be 
sent on request to ASAE, St. Joseph, Mich. 


Gas Turbine Conference 


The 1957 meeting of the National Con- 
ference of the Gas Turbine Power Div. of 
the American Society of Mechanical Engi- 
neers, will be held March 18-21 at the 
Sheraton Cadillac Hotel. The three-day 
program will deal with a number of aspects 
of gas turbines including automotive use. 


Representatives of European automobile 
manufacturers will describe progress in their 
countries on developing gas turbines for au- 
tomobiles. Engineers from Ford Motor Co., 
General Motors Corp., and Chrysler Corp. 
will also take part in the program. Addi- 
tional papers will deal with such topics as 
use of gas turbines for aircraft, ship propul- 
sion, industrial power generation and chem- 
ical and nuclear plants. Supplementing the 
technical sessions will be an exhibit area in 
which manufacturers will display new de- 
developments in gas turbines and related 
items. 


Annual Meeting 
Extension Exhibits 


A call for outstanding exhibits for the 
ASAE Golden Anniversary Meeting at Mich- 
igan State University in June, 1957, has 
been sent out by the ASAE Extension Com- 
mittee. Anyone interested in submitting en- 
tries should contact the committee chairman, 
J. C. Oglesbee, Jr., 1020 Crescent Ave., 
N.E., Atlanta 9, Ga. 


Exhibits may be entered in any or all of 
the following classifications: demonstration 
models, movies, slides and film strips, publi- 
cations (periodicals and bulletins), new text- 
books, radio and television, and extension 
method outlines. Blue ribbon awards will 


be made for exhibits judged best in each 
class. 


There will be two classifications of 
demonstration models—industrial or com- 
mercial and public agency. The committee 
is encouraging the use of small portable 
models which can be assembled into larger 
exhibits. 


Awards in motion pictures will be offered 
for those prepared by industrial or commer- 
cial organizations, and those prepared by 
colleges, universities and other public serv- 
ice groups. Slides or film strips which have 
agricultural engineering implications can be 
entered under either public agency or indus- 
trial classification. Publications which in- 
clude both bulletins and periodicals can also 
be submitted under these two classes. One 
person is limited to one bulletin entry 
and /or one periodical entry. The periodical 
entry includes news letters and other educa- 
tional publications issued at intervals. 


No awards are made for new textbooks, 
but a display will give agricultural engineers 
an opportunity to examine textbooks that 
are available for reference material or teach- 
ing. Television is becoming a popular teach- 
ing tool and charts, photographs, models 
and other materials that can be used on TV 
programs are welcome. Any special tech- 
nique for handling radio programs that can 
be exhibited may be submitted. 


Extension methods exhibits are limited to 
extension agricultural engineers. Recipe or 
method outline forms for conducting a suc- 
cessful activity in agricultural engineering 
extension will be reproduced and sent to all 
extension agricultural engineers who have 
interest in this material. These forms serve 
this group by giving them ideas on how pro- 
grams can be improved. 
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HEADQUARTERS FOR GOLDEN ANNIVERSARY MEETING 


Headquarters for the ASAE Golden Anniversary Meeting will be in Shaw Dormitory, one of the world’s largest student dormitories. 
of the visitors will be housed. Special ‘‘package’’ rates for housing and meals makes Shaw Dormitory attractive for visitors. 
have lodging and meals from Sunday evening, June 23, until Wednesday noon, June 26, for approximately $20.00. 


will be extra 


Golden Anniversary Meeting 


The Golden Anniversary Meeting of the 
American Society of Agricultural Engineers 
will be held at the Michigan State Uni- 
versity campus in East Lansing on June 23- 
26. ASAE members and friends from the 
United States and foreign countries, includ- 
ing many of the leaders of industry, educa- 
tion and government will attend. 


The theme for the meeting is “Looking to 
the Future’. A program is being planned 
which will bring top men of industry, gov- 
ernment and education, including foreign 
experts, to report on present and past de- 
velopments in the field and to emphasize 
looking to the future. All divisions of the 
Society are planning a technical program 
where an opportunity will be given to see 
and hear world famous speakers who are 
interested in helping to develop the agricul- 
tural engineering profession. 


On Sunday night, June 23, the Hospitality 
Supper will open a get-acquainted program 
and on Monday night after an ox-roast, 
there will be a square dance. The FEI stu- 
dent dinner will be held on Tuesday night. 
All ASAE student members are urged to 
attend the 50th annual meeting. Wednesday 
night will be the annual banquet, where 
awards will be presented, and recognition 
given to leaders of industry and of members 
in the profession. This will be followed by 
a dramatic presentation portraying the 50 
years of development in agricultural engi- 
neering. It will be an “Our Town” type of 
production with a narrator, lights and 
sound effects. The need for engineering in 
agriculture, a gathering of the small group 


of founders, deliberations and philosophies, 
the struggle to be accepted and recognized, 
the effect of wars on the development of 
engineering in agriculture, accreditation and 
acceptance of the profession, and new hori- 
zons in the future will be chapters in this 
fast-moving tableau. 

It is planned to invite a nationally fam- 
ous leader of industry to give the banquet 
address carrying out the theme of looking 
to the future. 

On Thursday, June 27, a special seminar 
on graduate work and another on extension 
will be held. The special public works and 
public lands program will continue through 
Thursday. Thursday and Friday will be set 
aside for major sight seeing tours to the 
Detroit area. There will be daily local tours 
to points of interest on the campus and in 
the Lansing vicinity. The campus tour will 
show a complete food handling system to ac- 
commodate an equivalent town of 20,000, 
and other scheduled tours will include auto- 
mobile factories, an elaborate television 
station, a bakery, and a potato chip plant. 

The extension exhibit is planned to be 
expanded this year and will be of interest to 
all in attendance. Other exhibits will be 
designed to show equipment that is in 
the research and development stage, and 
equipment that is not commercially avail- 
able, but expected to be in the next few 
years. These exhibits will be located in the 
agricultural engineering building and will 
consist of a solar battery, a solar powered 
pump, solar grain drying equipment, a 
solar furnace and a solar mobile. A model 
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of an atomic power plant, an air conditioned 
tractor, historical exhibits of farm machinery 
development, fuel injection systems for farm 
power units and gas turbine engines and 
exhibits to show foreign farm machinery de- 
velopments are being planned. A modern 
industrial design exhibit of materials for 
building light triangular shaped frame struc- 
tures, a U.S. weather bureau display on the 
formation and spotting of tornadoes and a 
display of historical drain tile will be of 
interest to all. 


Programs are being arranged for the ladies 
and children who attend the Golden Anni- 
versary meeting. There will be a luncheon 
for wives and a bridge party for the ladies 
who enjoy bridge. Also a series of topics of 
primary interest to the ladies are to be pre- 
sented in special meetings each morning. 


Programs have been arranged for children 
of all age groups, as well as special enter- 
tainment for all children during the evening 
of the banquet. Arrangements are being 
made to have baby sitters ‘available at all 
times and there will be a nursery school for 
children in the 2% to 5 year age group. 
Recreation, such as swimming, ice skating, 
a bus trip and a picnic lunch at the zoo, is 
planned. One evening during the meeting 
will be set aside for a supper and square 
dance for the teen-agers. 


Headquarters for the Golden Anniversary 
meeting will be in Shaw Dormitory where 
most of the visitors will be housed. It is 
located on the banks of Red Cedar River 
and special “package” rates for housing and 
meals will be available to give low cost 
accommodations. 

Lodging and meals from Sunday evening 
until Wednesday noon will be available for 
approximately $20.00. 
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Charles J. Scranton, for the past 22 
years chief engineer at Allis-Chalmers Mfg. 
Co., La Porte, Ind., has been appointed gen- 
eral development engineer. He will devote 
his time to product development. 

Paul H. Harrer, assistant chief engineer 
for the company’s harvesting equipment at 
La Porte since 1948, succeeds Mr. Scranton 
as chief engineer. He started with Allis- 
Chalmers in 1938 after graduation from 
Montana State College with a B.S. degree 
in mechanical engineering. 

Mr. Scranton was born at Peoria, Ill. He 
graduated from Bradley Polytechnic Insti- 
tute, now Bradley University, at Peoria, in 
1912. In 1934 he became chief engineer at 
Allis-Chalmers Mfg. Co., and has been re- 
sponsible for the design and development of 
a line of grain, corn, hay, and silage tools 
which have been distinctive in design and 
performance. He has been active on the 
Farm Equipment Institute's advisory engi- 
neering committee, in the Society of Auto- 
motive Engineers, and the American Society 
of Agricultural Engineers. In 1952 he was 
awarded the Cyrus Hall McCormick Gold 
Medal by ASAE. 


Hal E. Bland has been appointed to the 
position of sales manager, produce equip- 
ment, for the Aeroglide Corp. in Raleigh, 
N. C. He will be directly responsible for 
the field research, promotion and sale of 
vegetable and fruit handling equipment. He 
was formerly employed by the Tractor and 
Implement Division, Ford Motor Co., in 
the Product Planning Dept. 

After graduation from Clemson College 
with a B.S. degree in agricultural engineer- 
ing, he worked as project leader of the cot- 
ton mechanization work at the Clemson 
College Experiment Station in Clemson, 
S. C. Later he joined Engine Parts Mfg. 
Co., Cleveland, Ohio, as their Southern rep- 
resentative and worked directly with col- 
leges, USDA, farm equipment dealers and 
farmers. 

es 


Mason Vaugh will retire in April from 
his position as professor of agricultural en- 
gineering at the Allahabad Agricultural In- 
stitute in India, where he has been since 
1921. He plans to return to the United 
States in June, 1957, and will be on furlough 
until June, 1958. 


R. C. Conner has been appointed as gen- 
eral manager, and A. M. Lane as general 
sales manager of a new mobile hydraulics 
division, Vickers, Inc., Detroit, Mich. This 
new division will take complete responsi- 
bility for all hydraulic equipment used on 
automobiles, trucks, construction equipment, 
materials handling, farm machinery and 
other ground mobile applications. 

Mr. Conner has been with the company 
since 1948 in various engineering and sales 
capacities, most recently as manager of the 
automotive division. Mr. Lane joined the 
organization in 1940 as an application en- 
gineer; he has managed several branch 
offices and the mobile sales department. 
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Edwin L. Miller, formerly assistant serv- 
ice manager with Harry Ferguson, Inc., 
Detroit, Mich., has accepted a position as 
field engineer for the Standard Oil Co. in 
Columbus, Ohio. 


C. George Krieger has been appointed 
special assistant to the director of public re- 
lations for Ethyl Corp. Mr. Krieger has 
been associated with the company since 
1929 and will be in charge of public rela- 
tions in the agricultural field. He has served 
as chairman of the Fuels and Lubricants 
Committee of ASAE. 


Albert E. Powell has been named agri- 
cultural engineer for Douglas Fir Plywood 
Association, Tacoma, Wash. His _head- 
quarters will be in Ames, Iowa. Formerly 
he was regional manager for the company’s 
field promotion offices in Kansas City, Mo. 
He has been with Douglas Fir Plywood 
Association for seven years. 


Thomas V. Wilson has accepted a posi- 
tion as professor in agricultural engineering 
and agricultural engineer at Clemson Col- 
lege. He will be engaged in teaching and 
research in the soil and water field. He 
formerly held a similar position at North 
Carolina State College. 


R. C. CONNER A. M. LANE 


Robert S. Palmer, former chairman of 
the agricultural engineering dept. at the 
University of New Hampshire, has resigned 
to become research project leader in the 
Eastern Soil and Water Management Sec- 
tion, (SWCRB, ARS) USDA. He will be 
headquartered at Durham, New Hampshire. 


John J. Kolega, has resigned from the 
agricultural engineering staff at the Uni- 
versity of Connecticut to accept an appoint- 
ment as chairman of agricultural engineer- 
ing department at the University of New 
Hampshire. He will fill the vacancy left by 
the resignation of Robert Palmer. 


(Continued on page 204) 


Irvin H. Althouse, ASAE Fellow, died 
January 8 in Porterville, Calif. He was born 
on December 10, 1887 in Fremont, Nebr. 
He had two years of education in technical 
high schools in San Francisco and the 
balance of his training was found in the 
school of “hard knocks and experience.” 
He began the practice of civil engineering in 
1908 upon his arrival in Porterville, Calif. 

He was recognized as one of the out- 
standing hydraulic engineers in the Tulare 
County area and contributed to water de- 
velopment in the San Joaquin Valley. Dur- 
ing recent years he served as secretary of the 
Friant Water Users Association and was a 
member of the executive committee of the 
Irrigation Districts Association for a number 
of years. He was active in the underground 
water problems of the State of California 
and served as chairman of the Underground 
Water Committee of the California Irriga- 
tion Districts Association. 


Mr. Althouse was a member of the Amer- 
ican Military Engineers, the National Recla- 
mation Association, the American Geo- 
physical Union, and the American Society of 
Civil Engineers in which he was awarded a 
life membership in 1954. He joined ASAE 
in 1926 and served as vice-chairman of the 
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Pacific Coast Section 
registered civil 
California. 

Fred Strauss is associated in the engineer- 
ing activities Mr. Althouse carried on and 
will continue with the work. A Concurrent 
Resolution No. 24 was passed by the Senate 
of the State of California honoring Mr. 
Althouse. 


in 1935. He was a 
engineer in the State of 


Frank J. Drayton, agricultural engineer, 
product planning, Tractor & Implement Di- 
vision of Ford Motor Company, died re- 
cently of a heart attack. 

He was born in Toronto, Ontario, Can- 
ada, on February 2, 1907. He attended Mc- 
Tavish Business College in Edmonton, Al- 
berta, and the University of Detroit. After 
merchandising experience with Sears Roe- 
buck and J. L. Hudson, he entered the farm 
equipment business as a buyer with Harry 
Ferguson, Inc., in 1942. In 1947 he became 
associated with Dearborn Motors Corp., 
continuing with the Tractor and Implement 
Division of Ford Motor Co. until the time 
of his death. 

Mr. Drayton was active in scouting and 
church work. He is survived by his wife 
and three children. 


* MARCH * 1957 


: os es } ae: Meee. j wz ‘Y io y q pe ee ¥ 
ae) fy | at IN THE >“ sd ' { : . 
te | Y\"/l NEWs = 7 2%. SS a a J : 
i 5 Es wistasnestes seosersscomesen S ~4 os * f ; 4 { > P. —— tc ‘ y 
eS : : , ~ > 
2 : Pn } A ‘s A , i 
? mila *.) &- : 
es a _ P. H, HARRER H. E. BLAND ke 
ta: — 5 
i » & 4 
ee : : on a 
age 3 \ | Z y 4 B = 
2 5 j ! ~- 5 a 2. : a . sf . as : 
Ay ° = < - ny Ce iy | : 
aE => = a a) 
te — = , ey 
— \y ee rm 
: - gs J 4 ’ * | 
ley <i yr | 2 Ry 3 4 
a Be 
ne n ae 
Poahic.: | : 
=f i ° ce 
oleae e ae 
: | ee 
ane Foisa) 
mE ge: 
oe a ce 
ae : # 
me. - 
ae * £ 
(on a até 
. ‘ 
. ee a 
"eae : 
a. a 
he & 
me fs Be 
Ss Ae SS Se 
Pri A cea. |_| 
i: hee . 


Reports from Local Sections 


Items used in this column must be received by the 20th of the month preceding publication date 


Chicago Section 


The Chicago Section will hold a dinner 
meeting March 11 at the Toffenetti Restau- 
rant, 57 W. Randolph, Chicago. 

Everett Mitchell, NBC radio farm expert, 
will show colored slides and tell of a 
5000-mile tour of farms in Russia which he 
conducted for 25 U.S. farmers. They visited 
an agricultural exhibit in Moscow and also 
observed agricultural areas in Sweden, Den- 
mark and Ireland. 


Southwest Section 


The Southwest Section meeting will be 
held at the Memorial Student Center of the 
Texas A & M College in College Station, 
Texas, on March 28-29. 


The program for Thursday morning, 
March 28, will be devoted to presentation 
of papers on electric house heating with 
heat pump by M. J. Lewis; durability of 
floor coverings and bathroom walls by B. R. 
Stewart; and landscape illumination—its sig- 
nificance and potential by John Watson. 
J. L. Butt, ASAE secretary, will speak on 
the Golden Anniversary of ASAE. Xzin 
McNeal, Section chairman, will preside. 


A student program will also be held 
Thursday morning with Harold Sattler pre- 
siding. Following reports of student branch 
activities, an address on advantages of ad- 
vanced degrees will be given by Russell 
Benedict. A business session will close the 
student program. 


Two concurrent programs are scheduled 
for the afternoon of March 28 on farm 
structures and soil and water. The farm 
structures session will be presided over by 
Vice-Chairman Charles E. Ball and will 
include papers on new techniques in tilt-up 
construction by Ivan Winsett; comfort con- 
dition in aluminum houses by T. R. C. 
Rokeby; and equipment for evaporative 
cooling in agricultural production by R. C. 
Jaska. A symposium on new developments 
in grain drying and storage will be pre- 
sented by F. T. Wratten, Xzin McNeal, 
D. L. Calderwood and J. S. Cook. 


W. T. Burtschi, SCS, USDA, will preside 
over the soil and water session. F. R. Crow 
will talk on plastic liners for seepage con- 
trol in farm ponds; I. L. Saveson and Z. F. 
Lund on deep tillage for crop production; 
and W. O. Ree on friction factors for 
quick-coupled sprinkler pipe. E. D. Butler, 
L. F. Lawhon, B. B. Bryan, J. E. Garton 
and E. L. Thaxton will be members of a 
symposium to discuss new developments in 
irrigation. A tour of the campus will fol- 
low the two programs. 


H. G. Le Tourneau will be the speaker 
for the banquet Thursday evening. Chair- 
man Xzin McNeal will preside. 


Friday morning, March 29, will be de- 
voted to discussions on heavy duty elec- 
trically driven machinery by C. E. Birdsong; 
new developments in cotton strippers by 
E. M. Smith, draft of ammonia applicator 
feet by H. E. Butler; and hydraulic motors 
for agricultural equipment by E. L. Asch. 
W. H. Carter, secretary-treasurer, will pre- 
side. A business session will close the sec- 
tion meeting. 


Rocky Mountain Section 


A meeting of the Rocky Mountain Section 
will be held April 5-6 in the agricultural 
building at the University of Wyoming, 
Laramie. Registration will begin at 8:30 
a.m., April 5. President Roy Bainer will 
be the dinner speaker that evening. 


Papers to be presented during the meeting 
will be on waterspreading — a practice in a 
watershed development program, by Win- 
fred Glover; the upper Colorado River 
story, by H. T. Persons; evaporation supres- 
sion: a progress report, by G. Earl Barbeck, 
Jr.; agricultural engineers—where to in edu- 
cation, by Walter M. Carleton; the effect of 
moisture on the physical properties of grain, 
by Robert Lorenzen; cotton mechanization, 
by Lambert H. Wilkes; adapting buildings 
to new trends in agriculture, by Earl D. 
Anderson; some equipment used for and 
problems involved in seeding grasses on 
range land, by staff members of Colorado 
A & M College and the University of 
Wyoming; and on drying grain on the 
farm, by Nolan Mitchell. 


Alabama Section 


A meeting of the Alabama State Section 
will be held on April 11-12 at the Battle 
House in Mobile, Ala. The first day will 
be devoted to registration, a boat tour of 
Alabama State Docks, and a tour of the 
Ideal Cement Co. A banquet will be held 
in the evening with Martin Johnson as the 
principal speaker. 


Friday morning, after the welcome by 
Mario Bottesini, president of Mobile Junior 
Chamber of Commerce, papers will be pre- 
sented on efficiency in farm management, by 
Emmett Gaston; egg cleaning, grading, and 
cooling, by H. L. McFarland; and the use 
of concrete on the farm, by Mayfield Shil- 
ling. Following a short recess Harold Bis- 
bort will discuss development of Alabama's 
water resources, and J. D. Miller will talk 
on irrigation and related problems. 


A business meeting will close the session. 
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Michigan Section 


An evening dinner meeting will be held 
for members of the Michigan Section and 
their wives, in the main lodge at the Boy 
Scout Camp south of Brighton, Michigan, 
April 24. 

The main after-dinner address will be 
given by ASAE President Roy Bainer. The 
new sectional officers for the coming year 
will be installed and A. W. Farrall will 
report on the Golden Anniversary meeting. 

Entertainment, consisting of special mu- 
sical numbers, is being planned along with 
square dancing following the dinner meeting. 


Mr. Bainer will be on the Michigan State 
University campus, April 23. He will speak 
to the University Men's Club and to the 
Student ASAE Club. He will also meet 
with the local arrangements committee to 
discuss plans for the Golden Anniversary 
Meeting. 


North Atlantic Section 


The North Atlantic Section meeting will 
be held August 27, 28 and 29 at the Uni- 
versity of Delaware, Newark, Del. A gen- 
eral session on instrumentation is scheduled 
for the morning of the third day. An even- 
ing meeting on August 29 will be devoted 
to a discussion on energy. Tours, sightsee- 
ing, private conferences, etc., are being 
planned. The complete program will be 
reported at a later date. 


Pacific Northwest Section 


The new officers elected for the coming 
year at the Pacific Northwest Section meet- 
ing in October are: Chairman, F. G. Ma- 
loney; Ist vice-chairman, H. E. Wichers; 
2nd vice-chairman, D. W. Works; 3rd vice- 
chairman, E. L. Watson; and _ secretary- 
treasurer, S. J. Mech. 


Members of Va Alabama Section visited the Winfield Substation of the Alabama Agricultural 
Experiment Station to observe a surface irrigation demonstration during the fall meeting held 
October 11 and 12 
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Takes Divergent View 
on Subirrigation Design 


To THE Epiror: 


The article “Design of Subirrigation Sys- 
tems” by R. L. Fox, J. T. Phelan, and W. D. 
Criddle in the February 1956 issue of AGRI- 
CULTURAL ENGINEERING contains assump- 
tions and simplifications that in the opinion 
of the author of this letter are not in har- 
mony with the general theoretical character 
of the publication. In view of the possi- 
bility of application of the equations pre- 
sented in the article under conditions where 
these assumptions may not be permitted, a 
further theoretical discussion was considered 
appropriate. This contribution to Readers’ 
Forum is essentially a condensed form of 
correspondence with the authors of the 
article, which was initiated in March, 1956. 
The divergent viewpoints appeared to be 
centered around two problems, which are 
discussed in the order of appearance in the 


article. The nomenclature is the same as 
the nomenclature used in the article in 
question. 


The possibility of the existence of a phrea- 
tic surface at some distance below the bot- 
tom of the irrigation ditches at steady state. 

On page 103 of the article, second 
column, line 13 from bottom, the statement 
is made that “Water is run into these feeder 
ditches, under control, and allowed to seep 
out and feed the water table.” This state- 
ment implies the existence of an unsaturated 
zone with water tensions between the ditch 
bottom and the phreatic surface (hatched 
zone in Fig. 1). This is in contrast with 


Fig. 1. Flow system with phreatic surface below 
ditch bottom and unsaturated zone in between. 
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Fig. 2. Continuous gravity-flow system with 
phreatic surface coinciding with water level in 
ditches. 
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Fig. 3. Flow systems for different combinations 
of h and d but same product hd. 
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This column contains letters in which our readers have expressed opinions, suggestions, unusual 


experiences, or divergent views on subjects of an agricultural engineering nature. 


It is the inten- 


tion of the editor to publish a few such letters in each issue of AGRICULTURAL ENGINEERING to en- 
courage free expressions and open debate on pertinent and timely topics. 


the picture often presented in the subirriga- 
tion literature, showing the phreatic surface 
at the ditches to coincide with the water 
level in the ditches (Fig. 2). The import- 
ance of knowing the true position of the 
phreatic surface near the ditches becomes 
apparent in the evaluation of the quantity 
d, which appears in the equations for the 
recommended ditch spacing W. Should d 
be measured from the water level in the 
ditches (Fig. 2) or from some point below 
the ditch bottoms where presumably “seep”’ 
flow would change into saturated flow 
(Fig. 1) ? Several arguments in favor of the 
conditions of Fig. 2 can be presented: 

1. Equation 19 on page 106 of the ar- 
ticle in question shows the quantities 4 and 
d in product form (T=Ph/). Consequently, 
given a certain permeability P and con- 
sumptive use x, it is possible to obtain the 
same ditch spacing W for a whole range of 
4 and d values as long as the product Ad is 
kept constant (Fig.3). There seems to 
be no criterion that would determine at 
which particular 4-d combination the steady 
state will be reached as long as the phreatic 
surface is below the ditch bottom. As a 
matter of fact, it would seem quite a coin- 
cidence if the steady state were reached at 
the predetermined design-values of 4 and d. 
More acceptable, however, is the thought 
that the possibility of a whole range of 4 
and d values makes it unlikely that steady 
state can be reached as long as the phreatic 
surface is loosely located at some distance 
below the ditch bottom and not positively 
tied in with the geometry of the flow system. 
In that case the integration at the bottom of 
page 105, second column, cannot be carried 
out without including a time factor. The 
only possibility for steady state seems to be 
the 4-d combination whereby the phreatic 
surface coincides with the water level in 
the ditches. 


2. The condition in Fig.2 occurs after 
heavy rainfall that raises the water table 
above the water level in the ditches (Fig. 
4), and subsequent lowering of the water 
table due to drainage and consumptive use 
until steady state. This condition can be ex- 
pected in humid areas where water is let 
into the ditches to prevent the phreatic sur- 
face, built up by winter or spring rains, 
from dropping below a certain level during 
the season. There is no reason for the 
phreatic surface to break loose from the 
water level in the ditches to assume a new 
position below the ditch bottom with the 
formation of an unsaturated zone in be- 
tween. Therefore, in the design, d should 
be taken with respect to the water level in 
the ditches. 


3. Sharp drops between the water level 
in the ditch and the phreatic surface in the 
soil near the ditch, as sometimes observed 
with borings, are no indication of an exten- 
sion of the phreatic surface at some distance 
below the ditch bottom. The soil perme- 
ability near subirrigation ditches sometimes 
decreases because of translocation of small 


particles. Since the wetted perimeter of 
rap 
a es . 
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Fig. 4. fhreatic surface above water level in 
ditches after rains 
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the ditches is usually small compared to the 
cross-sectional flow area in the field and 
since the whole flow undiminished by con- 
sumptive use and seepage losses is involved, 
mild permeability decreases tend to result in 
considerable head losses. In that case, how- 
ever, it would theoretically seem more cor- 
rect to apply a reduction factor to the d- 
value as measured from the water surface in 
the ditches instead of arriving at a lower d- 
value by assuming the phreatic surface to be 
at some distance below the ditches. Uni- 
form, sandy soils will tend to suffer less 
from sealing effects than well-graded soils. 

4. Although tensions and unsaturated 
zones have been observed under irrigation 
canals, tensions are difficult to visualize at 
steady state below bottoms of subirrigation 
ditches in a regular system. Under those 
conditions, water fronts from adjacent 
ditches eventually meet, back-up effects re- 
duce tensions, and finally complete satura- 
tion is reached. In terms of the viscous-flow 
analogue, this process can be explained as 
follows. Taking two narrowly spaced paral- 
lel and vertical plates, a viscous liquid is 
injected between the plates at two points, 
representing the ditches. Initially, the liquid 
moves mainly downward under the forces 
of gravity and capillarity. The latter also 
cause a slight lateral flow to a certain extent. 
The liquid mass is originally oval-shaped 
and tensions occur due to the capillary 
forces along the periphery of the liquid. 
When the impermeable layer (bottom of 
flume) is reached, the flow is deflected lat- 
erally, and the liquid fronts from the two 
points eventually meet at mid-distance be- 
tween the two points. At that moment, part 
of the liquid to air contact is replaced by a 
liquid to liquid contact, which results in a 
reduction of capillary action and a corre- 
sponding reduction in tensions. This process 
continues until finally, at steady state, a con- 
tinuous gravity-flow system is established 
with tensions occurring only in the capillary 
zone above the phreatic surface. 


The limitations of substitution of the 
slope of the water table for the actual hy- 
draulic gradients occurring in the flow 
system. 


On page 105 of the article, second column, 
lines 30 and following, the assumption is 
made that “the thickness of the water-sat- 
urated material is large as compared to the 
variation in depth between the ground sur- 
face and the water table.” The authors then 
proceed by substituting the slope of the 
water table for the hydraulic gradients along 
the streamlines (Equation 4). This substi- 
tution, or rather this approximation, how- 
ever, can only be made in case of small 
h-values. In this respect, the magnitude of 4 
(=thickness of water-saturated material) 
must be considered in relation to the ditch 
spacing W. A condition where / is small in 
relation to W is shown in Fig. 5. The 
streamlines run more or less parallel and 
close to the phreatic surface, so that the 
gradients along the streamlines do not differ 


(Continued on page 202) 


Fig. 5. Flow system with impermeable layer 
near phreatic surface. 
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Aerial view of Freeman Farm, Muncie, Indiana. Durable, weather-tight, fire-resistant Armco Steel 
Buildings include the main barn, implement shed, maternity ward and lean-to housing the milk room. 


Back in business 


How easy-to-erect, fire-resistant Armco Steel Buildings 
cut construction time, costs and insurance premiums on 
this Indiana farm 


When their dairy barn burned, Ernest and Vernon Freeman 
of Muncie, Indiana, compared costs and advantages of 
several types of construction. They decided upon Armco 
Steel Buildings. The main barn, 40 x 132 x 14, was erected 
in only 15 days by the Freemans and farm labor, under the 
direction of an Armco representative. The implement shed 
and shop, 28 x 100 x 12, was erected by a contractor. The 
whole project, which also included a 12 x 22-8 x 8 lean- 
to milk room and a 28 x 42-8 x 8 maternity ward, was com- 
pleted exactly nine weeks after the fire. Quickly and at 
low cost, the Freemans were back in business with durable, 
weather-tight, fire-resistant buildings requiring a minimum 
of upkeep — and lower insurance premiums. 


Fast, low-cost, easy erection is a feature of all Armco 
Steel Buildings. The reason: precision-made Armco 
STEELOX® Panels come ready for assembly. Quickly 
locked together and then bolted top and bottom, they pro- 
vide a rigid structure that doesn’t crack, warp or rot. Armco 
Steel Buildings are available in hundreds of shapes and 
sizes to meet floor requirements from 25 sq. ft. up for farm 
uses. Erection can be done by the Armco Dealer, farm 
workmen, or contractor’s crew. For details, send coupon. 


fast after a fire! 


One man can easily handle 
Armco STEELOX Wall 
Panels. They fit together 
for structural support and 
finished exterior. Nothing 
to nail; one bolt fastens 
each section to the base. 


Window and door openings 
are no problem. Short wall 
panels are used in place of 
regular panels. They are 
set in place and fastened 
the same as other panels to 
frame the opening 


r 7) | 
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Armco STEELOX Roof 
Panels are set in place and 
held securely by plate and 
ridge construction. Build- 
ings have permanence, but 
can be dismantled and re- 
erected in another location. 
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Nome 
Occupation 


Address 


County 


ARMCO DRAINAGE & METAL PRODUCTS, INC. 
537 Curtis Street, Middletown, Ohio 


Send me information on Armco Steel Buildings for farm use. 


Town__ 


State _ 
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ARMCO STEEL BUILDINGS 
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For more facts circle No. 75 on reply card 
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Folding Spreader-Seeder 


E. S. Gandrud Co., Owatonna, Minn., has 
announced a new 20-ft wide, high-speed, 
spreader-seeder that quickly folds to less 


than 8 ft in width for highway travel. The 
new unit covers a wide swath in the field, 
yet provides ease in transporting over nar- 
row country roads, bridges, or on paved 
highways. It holds over one ton of fertilizer 


using either bulk or bag fertilizer. Two 
hoppers make it possible to use this spreader 
for application of mixed fertilizer or the 
application of two straight elements, one 
from each hopper. 


(For more facts circle No. 4 on reply card) 


Screw Conveyor Components 


Link-Belt Co. has added new related ball 
bearing equipment to its screw conveyor 
component line. Designed to fit new or 


bt 


a Va 


existing screw conveyors the new equipment 
includes a quick-change conveyor screw (il- 
lustrated), single and double ball bearing 
trough ends, new ball bearing hanger, ball 
and roller bearing enclosed countershaft 
ends, and completely enclosed single reduc- 
tion helical “Motogear.” 


(For more facts circle No. 5 on reply card) 


Roller Tooth Bearing 


The Marlin-Rockwell Corp. has intro- 
duced new roller tooth ball bearings, de- 
signed for use in the manual steering mech- 


anism of automobiles, trucks and tractors. 
The profile of the bearing outer ring per- 
mits it to engage a worm gear on the steer- 
ing shaft. This type of bearing can be 
adapted to other applications. 


(For more facts circle No. 6 on reply card) 
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Spray Control Valve 

Spraying Systems Co., Bellwood, IIl., has 
introduced a new TeeValve for selective 
spray control in boom spraying. The new 
valve may be mounted within easy reach 
from the tractor seat. Seven indexed settings 


permit control of spraying with left, center 
or right boom sections, or any combination 
of these three sections. An outlet is pro- 
vided for an auxiliary spray gun and con- 
nections for pressure gauge and pressure 
relief valve. 

Selection of position is made with the 
lever down and valve remains shut-off dur- 
ing this step. Once selection is made, valve 
is turned on simply by raising lever handle. 
As a result chemicals are saved in spraying 
while turning lever or valve to desired set- 
ting. This also permits shut-off without 
changing setting of selected spraying posi- 
tion. The valve is made in aluminum and 
stainless steel for use with practically all 
standard farm chemicals. 


(For more facts circle No. 7 on reply card) 


Air-Blast Sprayer Power Kit 

Besler Corp., 4053 Harlan St., Emery- 
ville, Oakland 8, Calif., has introduced a 
new do-it-yourself power package for air- 
blast sprayer construction. 

The power package is a complete air-blast 
sprayer—less tank and trailer—and includes 


a 4-cylinder Wisconsin air-cooled engine, a 
30-in axial fan (28,000 cfm) a 50-gpm cen- 
trifugal pump, valves and strainers, plus a 
geared unit for tank agitation. The package 
unit can be attached to an old tank and 
trailer unit, a tank and trailer built to spe- 
cifications by a local welding shop, an old 
pick-up truck, or the grower’s own rig. 
(For more facts circle No. 8 on reply card) 
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Ten-Speed Tractor 


Minneapolis-Moline Co., Minneapolis 1, 
Minn., has introduced its new model 335 
Utility. Features include 10 forward and 


two reverse speeds with Ampli-Torc, power 
steering, and hydraulic 3-point hitch control 
of implements. The new model is rated at 
an estimated 35 belt hp and 30 drawbar hp. 


(For more facts circle No. 9 on reply card) 


2000-PSI Vane Pump 


Denison Engineering Div. of the Amer- 
ican Brake Shoe Co. has announced a new 
series of balanced vane hydraulic pumps for 


continuous 2000 psi service. Pumps are of- 
fered in this series supplying rated deliveries 
of up to 100 gpm at speeds up to 1800 rpm. 
The pump is available with either clockwise 
or counterclockwise shaft rotation. 

Two bolt threaded flanges are provided 
as standard equipment but four bolt hydrau- 
lic connections are available. The pump may 
be face, foot or flange mounted in any of 
four positions on its mounting bracket. The 
suction inlet port can be assembled in many 
selected positions with regard to the pres- 
sure delivery port. 


(For more facts circle No. 10 on reply card) 


New Workshop Tool 


The Will-Burt Co., Orrville, Ohio, has 
announced product'on of a new workshop 
tool called the Versa-Vise. The new vise is 
espec ally handy in shops where models and 


templates are made. It locks automatically 
in any position as the jaws are tightened. It 
turns 360-deg either way and can be used 
standing or laid flat. The jaws are 314 x 2\y 
in in depth with a 5-in jaw opening. Remov- 
able pipe jaws are included. 

(For more facts circle No. 11 on reply card) 


(Continued on page 190) 
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The NEW No. 110 MANURE SPREADER 


A completely new spreader 
built for power livestock 
farming 


To livestock farmers, the new Allis-Chalmers No. 
110 power-driven front-end delivery Manure 
Spreader brings a new standard of efficiency in 
the handling of manure. 
In developing this product, Allis-Chalmers 
engineering has introduced a new concept of... 
e Fast, Easy Loading 
e Full Shredding Action 
e LOW Spreading Uniformity 
--.in a PTO-driven, 110-bushel spreader that 
also includes the advantages of dependable oper- 
ation and long life. 


— 


nena 


THESE COST-CUTTING 
FEATURES MODERNIZE 
MANURE HANDLING 


% Thorough shredding: low, 
wide, uniform front-end 
spread — with 3 turbine- 
type slingers. 

%& large loading area. Un- 
obstructed loading from 
both sides and rear. 

% Low, downward delivery and 
controlled placement keep 


operator and spreader 
much cleaner. 
%& One lever spread control 


— 2 to 14 loads per acre. 


% Fully shielded, PTO-driven, 
roller chain drives. 


Completely different in design and perform- 
ance, the No. 110 has been exhaustively field- 
tested over a period of years. 


O 


nce again, engineering leadership brings new 


ease and efficiency to one of farming’s most neces- 
sary ...and difficult . . . tasks. 


ALLIS-CHALMERS, FARM EQUIPMENT DIVISION, MILWAUKEE 1, WIS. 


ALLIS - CHALMERS 


Engineering in Action 


© 


LISTEN TO the National Farm and Home Hour every Saturday on your NBC radio station. 


ey 
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New Products 
(Continued from page 188) 


No-Shift Reversing Clutch 


Funk Aircraft Co. has introduced no-shift 
reversing in a new torque converter trans- 
mission. There is no clutch or gear shifting. 
A single throttle lever, foot or hand oper- 
ated, changes both direction and speed of 
travel. The Revers-O-Matic drive is adapt- 
able to any type of operation involving 
change in direction of movement, either 
forward and reverse, or lift and lower, on 
equipment with engines up to 250cuin 
displacement. 


(For more facts circle No. 12 on reply card) 


Drawbar Clevis Grab Hook 


Midland Industries, Inc., Cedar Rapids, 
lowa, has introduced a new tool for a quick 
hookup of towing chain for tractor draw- 
bars. The 7-in grab hook is said to fit all 
tractor drawbars, front or back, up to and 


including drawbars 1¥% in thick, and can be 
used with any chain up to %@ in. It can be 
used for towing logs, grain bins, corn cribs, 
poultry and hog houses and for pulling 
fence posts with the tractor hydraulic lift. 


(For more facts circle No. 13 on reply card) 


POWERED 


“ogee 
This is the 4-cylinder, V-type 

Wisconsin Air-Cooled Engine SS 
used extensively on leading 

makes of combines and the 

larger balers. 


Several leading makes of 
Balers are now powered by 
this compact, powerful Wis- 
consin 2-cylinder engine, de- 
livering up to 15 hp. 


MORE CAPACITY — You can run your equipment at full capacity at all 
times without shifting gears because maximum ground speed can be main- 


tained with Tractor Throttle Control. 


FASTER — You cover more acreage per day because the tractor ground speed 
does not affect the uniform, efficient operation of the equipment. The Wisconsin 
Engine carries the operating load. 


BETTER — Whether working in flat or hilly fields, light or heavy crops, on 


rough terrain, going around corners... your Wisconsin-powered equipment 
operates at top efficiency. 


SAFER — Equipment individually powered by Wisconsin Engines eliminates 
the possibility of accidents caused by operator coming in contact with un- 
shielded PTO when stepping off tractor. 


EASIER — You operate your equipment with less fatigue and “time out” 
when a Wisconsin Engine carries the load because gear-shifting and operating 
tension are reduced to a minimum. You get more work done. 


CHEAPER — A smaller tractor can be used to pull your Wisconsin-Powered 
equipment, releasing your more expensive, larger tractor for heavier work. 
This should result in worthwhile savings in tractor operating costs. 

These are some of the reasons why leading builders of Combines and Balers include Wisconsin 
Heavy-Duty Air-Cooled Engines as original equipment . . . reasons why you, too, should specify 


Wisconsin-powered machines. Write for Bulletins S-195, 198 and 207 covering the complete 
line, with Authorized Service Station directory. 


Long and Low Burr Mill 


Knoedler Manufacturers, Inc., Streator, Ill., 
has announced a new burr mill lateral auger 
that has low overall height, and at the same 
time has a high discharge height. Low clear- 
ance allows the mill to slip under a barn or 
crib doorway easily, while the higher dis- 
charge permits loading of high trucks, 
wagons, bins and self feeders. The 4-ft lat- 
eral auger is geared to the 8-ft high vertical 
auger. This new type elevator is available 
for all new and most older model Knoedler 
mills. 

The entire auger assembly swings 360 deg 
by means of a handle attached to the vertical 
auger. Lateral augers with lengths up to 


20 ft for stationary burr mills are also avail- 
able. Other new Tenseans of the mill include 
the “hi-low” drive speed changer, an op- 
tional item which will increase or decrease 
the speed of the mill approximately one- 
third. This reportedly pe larger tractors 
to power a capacity of even more than the 
standard output of up to 300 bu per hour 
of ear corn. Similarly, by reducing speed, a 
small tractor can handle the mill at a re- 
duced output. 

Also, announced are a new automatic con- 
veyor for feeding ear or shelled corn into 
the mill and a new crib drag, both powered 
from the mill. 


(For more facts circle No. 15 on reply card) 


Hydraulic Flow Divider 


New Products Corp., Skokie, Ill., has 
developed a new hydraulic flow divider that 
can be adjusted to control the flow over a 


— 


wide range from 10 to 95 percent. It also 
has a built-in relief valve that will pass the 
oil back to the sump when the peak pressure 
setting of the secondary flow is reached. 
The flow divider is so designed that when 
the pressure of the primary operation begins 
to build up, the flow to the secondary oper- 
ation begins to decrease. This means that 
on a fork truck for instance, no power in 
lifting will be sacrificed to power steering. 


(For more facts circle No. 14 on reply card) 
(Continued on page 192) 
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How LINK-BELT makes it easy to 
work augers into your design 
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HERE augers are a vital part of 
W any equipment, here’s the sure 
way to better equipment design. Link- 
Belt augers are available in a full 
range of diameters, gauges and pitches 
... in any suitable metal to meet your 
most exacting requirements. And 
they’re simple and compact, accu- 
rately made to insure dependable op- 
eration. 
For any design problem involving 
augers ask the Link-Belt office near ee we LS ’ 
you for engineering assistance. 


eke... ETS I 


THIS JOHN DEERE COMBINE incorporates one of the many types of Link-Belt augers 
designed for farm machinery. 


SELECTED FLIGHTING for all your auger 
needs. Helicoid, sectional or a range of 
other types are available in the metal 
and finish best suited for your design. 


SIMPLICITY OF CONSTRUCTION 
and sturdy design of Link-Belt augers 
provide dependable, efficient operation 
on your machine. One basic assembly 
— no other moving parts to break down. 


= | 


YOUR CHOICE OF METALS answers your 
requirements for handling corrosive or 
abrasive materials. And Link-Belt uses 
only specially selected steels. 


ENGINEERING SERVICES. Our auger spe- 
cialists will help to analyze your special 
needs . . . integrate all elements of your 


ALL COMPONENTS — conveyor screws, 
collars, couplings, hangers, troughs, 
trough ends, flanges, drives—are avail- 


design for overall system efficiency. able for every design. 


Get in touch with the nearest 
Link-Belt office for your copy 
of Screw Conveyor Data 
Book 2289 .. . today. 


FARM MACHINE AUGERS 


14,521 
LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants and Sales Offices in All Principal Cities. 


Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville (Sydney), N.S.W.; South Africa, Springs. Representatives 
Throughout the World. 
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. . . New Products 
(Continued from page 190) 


New Mower Offers Three Hookups 


New Holland Machine Co., New Hol- 
land, Pa., has announced three new mower 
models that offer a full choice of fully- 
mounted, semi-mounted and trail-type mow- 
ers on the same basic machine. 

The Model 45 hooks up without tools to 
tractors with 3-point hookup or 2-point fast 
hitch. A built-in jack stand permits hook- 
ing up or parking without blocking. The 
Model 44 has a universal hitch for attaching 
to most tractors with only one set of irons. 
The Model 46 hitches and unhitches with 
simple one-point trailer hitch. It is com- 
pletely supported by standard 15-in wheels. 


their late models. 


SEND FOR THIS HANDY BULLETIN 
Gives dimensions, capacity tables and complete =I 
specifications. Suggests typical applications. 
ROCKFORD Clutch Division BORG-WARNER 


1325 Eighteenth Ave., Rockford, Ill., U.S.A. 
Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, III. 


OPERATION 


The release levers in ROCKFORD clutches have been newly 
designed and are accurately balanced—so necessary in present 
day high-speed, high-torque engines. This is just one of several 
advantages ROCKFORD equipped motor vehicles feature in 


Features include improved hold-down 
clips that ride over both the front and rear 
of knife blades to prevent the crop from 
wedging between knives and guards. For 


ree 
— ', 
Bate 


added sturdiness, a double-hinged connec- 
tion is used between inner shoe and sup- 
port. The support is rolled armor-plate steel 
which is said to reduce weight an 


to allow 


Heavy Duty 
Spring Loaded 


Oil or Dry 


a 


INSURE 
EFFICIENT 


Heavy Duty 
Over Center 


Power 
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° 


Speed 
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it to float over uneven ground easily. A full- 
length under-skid prevents crops from wrap- 
ping around the flywheel. This serves the 
double purpose of protecting against damage 
from surface objects. 


(For more facts circle No. 16 on reply card) 


Base for Electric Sets 


Caterpiliar Tractor Co., Peoria, Ill., has 
introduced a new type of wrap-around base 
and fuel tank combination for use with its 
diesel power units and electric sets. 

The new bases have been designed for 
use with all Caterpillar engines and electric 
sets from models D311 through the D342. 
Models presently in production include ex- 
tended and short base versions for D337 
(series F) and D326 (series F) engines, a 


short base model for the D318 engine and 
electric set bases for D311 and D315 diesel 
electric sets. Other models will be added 
in the near future. 

The new bases wili replace the steel chan- 
nel models formerly used. Primary advan- 
tage of the new bases is said to be the ability 
to withstand the stresses and strains of skid- 
ding and dragging. Extreme strength and 
rigidity enable them to resist the bending, 
flexing and other distortions to which power 
units used in the field are frequently sub- 
jected. 


(For more facts circle No. 17 on reply card) 


New Intermittent Time Switch 


International Register Co., 2620 W. Wash- 
ington Blvd., Chicago 6, Ill. has introduced 
a new line of time switches for controlling 
on-off intermittent cycles of 15 minutes. 
Known as the intermatic series T960 time 
switches, the company recommends their use 
for controlling automatic poultry feeders, 
barn ventilating fans, hay driers, water 


pumps, and other applications requiring 
intermittent operation. 

The new switches feature a snap-out 
mechanism; a black on yellow time dial 
for good visibility, and a drawn-steel case 
with conveniently located knockouts on 
bottom, back and sides. Units are available 
in 125 and 250-volt models. 


(For more facts circle No. 18 on reply card) 
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"MANUFACTURERS 
__ LITERATURE | 


Oil Filters 

Caterpillar Tractor Co.—A brochure, DE 
629, entitled A Brief Case for Cat Filters, 
discusses the requirements of effective filtra- 
tion and how oil filters help increase engine 
life. The brochure is illustrated and is 
available in French, Spanish and Portuguese. 


(For more facts circle No. 19 on reply card) 


Sprinkler Irrigation Guide 

W. R. Ames Co.—A 16-page booklet 
which covers some factors to consider when 
purchasing a sprinkler system. Included in 
the booklet are many pointers regarding 
sprinkler system requirements, design and 
operation. Pumps and power units are also 
discussed. 


an engineered utility 
building of WOOD! 


(For more facts circle No. 20 on reply card) 


Modern Farming — 1957 Edition 

Deere & Company — This 92-page book- 
let pictures and describes most of the trac- 
tors and farm equipment made by the com- 
pany. It can be a helpful editorial reference 
on the operation and use of various farm 
implements, and a source of modern farm- 
ing photographs. 


(For more facts circle No. 21 on reply card) 


Designed by agricultural engineers for the progressive, 
modern farmer, this is the building that combines all the 
advantages of wood construction in a practical package. 


EASY-TO-FOLLOW PLANS COVER EVERY STEP OF 


ESTIMATING, MATERIAL ORDERING, CONSTRUCTION 
No-Skive Hydraulic Hose Fittings 
Parker Appliance Co., Tube and Hose 
Fittings Div. — Catalog 4433 describes re- 
usable hoze-lok fittings for rubber-covered 
double-wire braid hose for high-pressure 
service. The 4-page catalog includes charts 
listing complete specifications of available 
fittings. 


Page 1—FOUNDATION CHART 
Using this page, the farmer plans 
all details of the building. The 
foundation sketch becomes the 
basis for estimating costs and 
materials. 


Page 2—COST ESTIMATION 

Detailed forms cover every phase 
of construction, The local retail 
lumber dealer figures the quantities 
and prices of lumber and materials. 


Page 3—-FRAMING DETAILS 


Diagrams show the placement of 


(For more facts circle No. 22 on reply card) 


All-Crop Harvester 

Allis-Chalmers Mfg. Co.—An 8-page bro- 
chure (TL-1662) which covers the com- 
pany’s new super 100 self-propelled all-crop 
harvester. It explains and illustrates the 
new features of this harvester, such as op- 
tional power steering, folding delivery 
spout, new control panel, new radiator and 
higher intake screen, new high-clearance 
reel drive, etc. 


(For more facts circle No. 23 on reply card) 


High-Pressure Hose Couplings 

Le-Hi Division of Hose Accessories Co.— 
This 8-page bulletin No. 115, describes and 
illustrates the company’s heavy-duty high- 
pressure hose couplings. It covers applica- 
tions of high-pressure air, steam, gas, hy- 
draulic, liquid, etc., used in construction, 
mining, contracting, petroleum refining, and 
in general industry. 

(For more facts circle No. 24 on reply card) 


Gears, Transmissions and 
Machined Parts 

New Process Gear Corp. — The 24-page 
catalog describes a complete line of gears, 
transmissions and other machined parts that 
are manufactured by the company. Pictures 
illustrate the company’s engineering and de- 
signing facilities. 


(For more facts circle No. 25 on reply card) cuss any details of this buil 


trusses, door framing and other de- 
tails of good construction. 


Page 4—FINISH DETAILS 
Detailed drawings show how to ap- 
ply roofing, how to place siding, how 
to hang doors and finish corners. 


Page 5—TRUSS MEMBERS 
Detailed instructions show how to 
construct the simple truss. 


Page 6—TRUSS ASSEMBLY 

This page describes the installation 
of ring connectors, lists loads, 
stresses and lumber grades and 
shows how the truss is put in place. 


The retail lumber dealer ant area will be glad to dis- 
ing with you. Depending on 


the farmer’s requirements, he will handle all details from 
planning to actual construction, or will furnish all ma- 
terials, with or without pre-assembled trusses. 


Engineering Instruments 

Custom Scientific Instruments, Inc.—Cata- 
log No. CS-56 illustrates and describes in- 
struments and equipment for research, con- 
trol and production. The 8-page catalog 
includes abrasion testers, physical testers, 
thickness, compression and recovery testers, 
and precision checking and scientific instru- 
ments. 


(For more facts circle No. 26 on reply card) 


For further information on this versatile, utility building see your lumber dealer or write to: 


West Coast Lumbermen’s Association 
1410 S. W. Morrison St., Portland 5, Oregon ' 
Douglas Fir - West Coast Hemlock 
Western Red Cedar - Sitka Spruce 
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The Penn State Solar Poultry House, 
by G. O. Bressler and H. V. Walton. Penn- 
sylvania State University Agricultural Ex- 
periment Station, University Park, Pa. Prog- 
ress report 162. 

This report gives a brief description of 
results obtained with the solar poultry house 
and describes house features including insu- 
lation, solar heat utilization, ventilation and 
equipment arrangement. A set of working 
drawings for the construction of this house 
and a bill of materials are included in this 
progress report. Copies are available by 
writing to H. V. Walton, agricultural engi- 
neering dept., Pennsylvania State University 
or W. Everett Eakin, Libbey-Owens-Ford 
Glass Co., Toledo 3, Ohio. 

Available, also, from Libbey-Owens-Ford 
Glass Co., are bulletins: Solar Housing For 
Swine by J. S. Boyd and J. A. Hoefer, 
Michigan Agricultural Experiment Station, 
(8 pages) Article 39-36, November, 1956, 
and A Survey of Solar Poultry Houses 
by G. O. Bressler, for LOF Glass Co. (8 
pages). 


Harvesting Your Milk Crop, by Charles 
W. Turner, University of Missouri, (Co- 
lumbia). Published by Babson Bros. Co., 
Chicago, Ill. 

The 18-page booklet contains illustrations 
and diagrams to aid modern dairymen in do- 


farm spraying. 


Fy) ~~ ~~ 
FAW SS 
For broadcast spraying of grains 
and grasses...and spraying of 


nitrogen fertilizer solutions. 
Sprays up to 66 feet wide. 


Write for Bulletin 71 


BETTER SPRAYING WITH 
SPRAY NOZZLES 


3226 RANDOLPH STREET « 


Choice of over 400 interchangeable 
orifice tips for exact control in 


Write for Catalog 30 


pom SPRAYING SYSTEMS co. 


BELLWOOD, ILLINOIS 


ing a better job of milking. It includes some 
mechanical and physical factors which can 
limit a dairy income, and explains what 
goes on inside cows, the ways the cows 
react, just what gets more milk, and how 
machine milking affects cows. 

Copies of this booklet are available with- 
out charge from Babson Bros. Co., 2843 W. 
19th St., Chicago 23, IIl. 


Economic Efficiency in Plant Opera- 
tions with Special Reference to the Mar- 
keting of California Pears, by B. C. 
French, L. L. Sammet and R. B. Bressler. 
Hilgardia, vol. 24, no. 19 (July, 1956). 

This report develops a theoretical frame- 
work and methodological approach to pro- 
duction plant cost studies and applies them 
to an analysis of production efficiency in 
packing fresh California pears. A frame- 
work is developed by modifying economic 
theory of a firm to reflect operating charac- 
teristics of most production plants. A 
method of cost synthesis is presented in 
which engineering studies of labor and 
equipment utilization on specific plant oper- 
ations, performance data, and analyses of 
accounting record data are used to estimate 
input-output data. 


Economics of Irrigation in Michigan, 
by C. R. Hoglund, E. H. Kidder and K. A. 
Vary. Reprinted from the Quarterly Bul- 
letin of the Michigan Agricultural Experi- 
ment Station, East Lansing, vol. 39, no. 19 
(November, 1956). 

This 21-page paper presents the results of 
a survey made in cooperation with 176 
farmers irrigating from less than one to over 
100 acres. Items included are the effect on 
yield, investment per farm, investment in 
wells, distribution systems, factors affecting 
cost, factors affecting net income and typical 
farm systems. 


Farm Ponds — Their Construction and 
Management, by H. D. Ayers and A. de 
Vos. Ontario Department of Agriculture, 
Toronto, Canada. Bulletin 515 (July, 1956). 

Farm ponds, properly constructed, serve 
a number of purposes as this 23-page bul- 
letin points out. Ponds may supply water 
for livestock, domestic use, fire protection, 
spraying and irrigation. It is also noted that 
they can be an asset for recreation, fish and 
wildlife production, and beautification. Vari- 
ous types of ponds and their construction 
are illustrated by pictures and tables of di- 
mensions. A section is included on the 
ieee of the pond for fish and wild- 
life. 


Copies of the following bulletins are 
available to ASAE members by writing to 
Harry F. Blaney, Western Soil and Water 
Management Section, ARS, SWCRB, USDA, 
1505 Post Office Court House, Los Angeles 
12, Calif.: Research on Evaporation and 
Evapotranspiration in the United States 
by R. K. Linsley, H. F. Blaney, G. E. Har- 
beck and M. A. Kohler; Evapotranspira- 
tion Measurements in Western United 
States by H. F. Blaney; Evaporation and 
Evapotranspiration Investigations in the 
San Francisco Bay Area by H. F. Blaney 
and D. C. Muckel; and Evaporation and 
Evapotranspiration Studies, United States 
Department of Agriculture in the Pacific 
Southwest by H. F. Blaney. 


NIAE Bulletin. The following bulletin has 
been received recently from the National In- 
stitute of Agricultural Engineering, Wrest 
Park, Silsoe, Bedfordshire, England: 
Mower Parts Made to British Standard 
1562:1949—No. 120/A. The bulletin re- 
ports on a test to assess the performance in 
the field of mower fingers and knife sections 
made in accordance with B.S. 1562:1949. 


surge FENCER 
The Stock Controller with 
the MERCURY 
SWITCH 


Backed by Organized 
Surge Service 
SEE YOUR 
SURGE DEALER 
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Can We Solve the Farm Problem?: 
An Analysis of Federal Aid to Agricul- 
ture by Murray R. Benedict. Cloth, 6x9 
inches, xix +601 pages, indexed. Published 
by the Twentieth you gg 330 W. 
42nd St., New York 36, N _ $5. 00. 


The author discusses atom on parity, 
price supports, government storage of sur- 
plus commodities; what the effect of these 
and other “emergency” farm programs have 
had on the economy, on the export market, 
and on the farmer himself; and the program 
for the future. It also gives an overall view 
of the government's relation to agriculture. 


This book offers the recommendations of 
a special Committee on Agricultural Policy 
appointed by the Twentieth Century Fund to 
consider steps that should be taken, both in 
the interests of farmers and of the country 
as a whole. 


The New Revolution in the Cotton 
Economy, by James H. Street. Cloth, 6x 9 
inches, xvi + 294 pages, indexed and illus- 
trated. Published by The University of 
North Carolina Press, Chapel Hill, N. C. 
$5.00. 


This book is a history of mechanization in 
the cotton economy and is a contribution to 
better public understanding of farm mechan- 
ization and its social effects on southern 
farm welfare. The author traces the history 
of cotton growing, the effect of two world 
wars, out migration of the Negro from the 
South, and the competition by synthetic 
products. He explains why technological 
advance in American cotton production was 
delayed and discusses the men and com- 
panies who battled against seemingly im- 
possible difficulties in perfecting and mar- 
keting machines which would eliminate the 
human drudgery in producing the crop. 

The book lists reasons for the recent ac- 
celeration in the process of technological 
change within the Cotton Belt and considers 
some of the economic and social implica- 
tions of a continuation of the trends now 
visible. 


Elements of Engineering Materials, 
by Charles P. Bacha, Joseph L. Schwalje 
and Anthony J. Del Mastro. Cloth, 6x9 
inches, xiii + 494 pages. Illustrated and 
indexed. Harper & Brothers, 49 E. 33rd St., 
New York 16, N. Y. $6.50. 


This book is an introductory text on the 
elements and applications of engineering 
materials and is written for students in all 
branches of engineering. Engineering ma- 
terials including wood, cements, plastics, 
rubber, soils, metals, fuels and a sare 
have been considered, as well as the latest 
practices available in each field. Chapters 
on the structure of metallic materials, be- 
havior under load, corrosion and its preven- 
tion, and the shaping and forming of me- 
tallic materials have been included. 


Each topic is given a brief, but funda- 
mental treatment. Subjects common to all 
branches of engineering are in the early 
chapters to provide a background for later 
discussion of such topics as metals, corro- 
sion, cementing, etc. A list of references 
for further study is included. 
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From this single source you can select the most efficient and 
economical power transmission components for any farm equipment, while 
standardizing on one-type bushing. For Browning manufactures a complete 
integrated line of sheaves, sprockets, paper pulleys and couplings; all using 
Browning’s exclusive malleable split taper bushing that grips the shaft with 
positive clamping force, yet mounts and removes with ease. Thousands of 
stock size and bore combinations, ready to use. Plus a full complement of 
roller chain and V-belts, including Double V, Griplink and Griproll belting. 
Investigate today! Ask for complete information and copy of descriptive 
Catalog GC101. Browning Manufacturing Company, Maysville, Kentucky. 


EQUIPMENT 
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FORGET 


MAINTENANCE? 


Just about ... WHITNEY SELF-LUBE AGRICUL- 
TURAL CHAIN keeps farm equipment continu- 
ously operating without chain maintenance. And 
it will outlast regular chain as.much as 5 to 1 when 
subject to rugged field service in atmospheres 
ladened with dirt or moisture. 


WHY ? Because Whitney engineering has developed 
and proven by extensive field service, exclusive 
SINTERED STEEL CHAIN BUSHINGS .. . pre- 
lubricated for life. 


HOW? The Whitney SINTERED BUSHING de- 
sign provides strength exceeding all duty require- 
ments. It provides surface film-oiling from the 
inside, in ratio to load during chain operation. 
When idle, the bushing reabsorbs its lubricant, this 


Under operating 
pressures bushing 
heats and releases 
stored lubricant 
which is reabsorbed 
by bushing when 
chain is idle. Cycle 
continues for life of 
chain. 


cycle continuing for the life of the chain. In addi- 
tion to the self-lubricating feature, the chain design 
provides controlled clearance . . . cannot trap abra- 
sive matter ruinous to chain life. 


WHAT’S MORE .. . Whitney Self-Lube Ag Chain 
is completely interchangeable with A.S.A. Double 
Pitch Roller Chains. They are precision made of 
premium materials and engineered for all types of 
farm machinery. 


Your customers profit by the time and money sav- 
ing benefits of Whitney Self-Lube Ag Chain. Whit- 
ney nation-wide consultant engineering service is 
promptly available to assist in determining the 
chain best suited to your requirements. If you want 
results specify WHITNEY CHAIN. Write for free 


technical brochures. 


CREATORS OF SELF-LUBE AG CHAIN | a # 


SELF-LUBRICATING @ SELF-CLEANING 
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CHAIN COMPANY 


246 HAMILTON St., HARTFORD 2, CONN. 


@ HIGH STRENGTH e@ COMPLETELY INTERCHANGEABLE 


AGRICULTURAL ENGINEERING * MARCH * 1957 


My ig aie Ll 
shies ae. 
ait =o 
on ie ag 3 
sii } fie. 
er x. ces 
a i ¥ % 
rae oa i nS 
: ae” ia Bie, Ar oie. ye 
as es Reh ie. ie = a ie * 
ae silt Apia heey 2 
eee £ —_ ae Ds 
a ed § | i Heat 
reg a ae aa a en 
ae ot See a ; 
ae 7 F P 
Bat + Fe oe te 
bd a oe ae ° en ‘ 
sae ae Pi : - ee 
sac oe ise aa a 
Bt ee fees gah Be Tee ~ . el 
vie i ¥, , oo epee ere Se ee a 
{he ae Poh, ‘ ti ele ee ees Tee . ‘ ] one 
is Fa . Pa ‘By eee melt ere He it se a tens ‘ ~ . { jee 
ae oF B. Bee Gat Be 
Me gorge IF pees aha LR gre aie a : ; un 4 Fae 
oe Oo — nee \ ct ‘vi 
Ch oe “a ri t — 3 7 so Gat co f ‘ 4 “ ¥ a, 
ea a eRe poe a fide: 7, Oe en . ‘s ae 
= Poke es oe a ' a re ‘s on megs Cay ~ oS , le “* = " xox aes. 
ao oe > | TAGS Ce SS = 
‘elec et : ee i _ . in &€ 7. ee ris 
ea ae . “fae _: ae ay 7 ‘a | he ae 4 aa 
Oeics ae pat. Ag a, abel a See q i ; an EG oe co ee 
Lrg ap oe “a ee: “miner te ; > [e = Sal eee a a 
oo oho a a a hg OS ae” 4 ten . { tee agro = gs J ine 
eee ae 2 7 tie - i : E eee ey = 4 5 ce 
ee BaP e: es. Mee ica ‘os .s &: ae Ne a } of ne 
eS me eet te. 1 «ea wt‘ — ee 2 : a. uit Cam 
ey Per hae aoe ” ku igh i ee, 5 er : woe. 
ei ees! — ae pert OUR ees = > ene a zg ter ed ae. 
aay yaa 7, ee. ell = Repay. te e a — = a} Ber 
ea a. ee ae aw a me, C—— ig 
co, . ae 7 en om SOY tee ‘+ oa a 
SS sa a ee ee a je 3, ee Pe, F< es, Bare 
a é we ee Ue é J : - Pe, te es Oe —  - ‘ee 
ae a de. So i — fon ay Pe. aw GZ Mt] 5 = Ra = 
ages ee i ae ees : hy 2 it, saa tae JR Mig ee 
Boge ey es ae f ; . ee, é ee a: e/; i 
ioe = YT tae we" " ty Se Se ee af icc mere Bnet 
a “> Ia Ey ll ne i 
t gs Capt OS: 4 ee Wg ce | AE 
ee ee: ee = (s a3 
ake i fac | . A ee ai 
tide: nn on oe Pha dah: ——— a 
me . g : ame Aa Wie 
ee = : a # eae ae 
coe < iat Sess ; ae i Page 
5 8 ~ ‘. — ie 
; ; — 2 Bae 
A et co | , Sate 
ne Pp ~ : ‘ i 
Ci ae ee fe: Oe 
a eae Me oe 
ee SS \ UG a 
bed Ae oe ~— fi 
et ; —S ~~. am 
ae NSS. S 
ee, a , oe 
pe a . 
ee eS 
ae ae 
ve A 
oe ; 
ee ee 
Ee aa - 
2) ei att 
ee ees Pe. 
Reo aa ae 
ia oe 
eee hom 
a ay aes 
SR ee it cea 
SS Re ee, es 
aig see iat 
eee Ie Oh Nee 
Gite teary eae 
Sees i 
a Bee Bice 
<< oe 
ee er yea + sa i 
oe es Ti 
Pea Oe ae et 
oa) ae Mir 
4S ware t ia 
es y Be ms a Fa a 
apc ee 
of i eee rae 
pt aoa et Wate 
ey | eae oe 
ee sa hae 
Ree ae. ie 
pes Eve wes SOE 
ear ae 
Cae 196 PY eee PS 


If you are not a member of the 
American Society of Agricul- 
tural Engineers and want (1) 
to subscribe* to AGRICULTURAL 
ENGINEERING or (2) to receive 
information about ASAE mem- 
bership—or if you ere a mem- 
ber of ASAE and want to 
propose the names of one or 
more prospective members — 
then simply fill out and mail 
the card at the right. 


(*Nore: A subscription to AGRICUL- 
TURAL ENGINEERING is included in the 
annual dues of each ASAE member.) 


LET US 
KNOW 
YOUR 
WANTS 


Do you want more data or 
other information on products 
or catalogs advertised or 
otherwise featured in this is- 
sue? Then fill out one of the 
two mailing cards at the right 
and drop it in the mail today. 


Our“Reader Information Serv- 
ice” clerks will see that your 
wants are promptly trans- 
mitted to sources of materials 
requested. 
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CHECK 


I want to receive AGRICULTURAL ENGINEERING regularly. Enter my subscription for 
one year ($5.00 in USA; $5.50 in Canada; $6.00 elsewhere). Payment is enclosed. 


I would like information about membership in the American Society of Agricultural 
Engineers, including an application form. (I understand that a subscription to AGRICUL- 
TURAL ENGINEERING and a copy of AGRICULTURAL ENGINEERS YEARBOOK are included 
in the annual dues of ASAE members.) 


we I am an ASAE member and suggest that membership information, including applica- 
tion form, be sent to the name and address below. I can supply names of... more 
prospective members. My name is... Felipe lcepinlaiiineany- aig a alee 


Position or title... 
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Use the card below for free data on new products and the 
card above for subscribing to AGRICULTURAL ENGINEERING, 
or for requesting information about membership in the ASAE. 


Kindly have mailed to me, without obligation, more information 
about items in this issue indicated by the numbers circled below: 


MARCH 
1957 
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If you are not a member of the 
American Society of Agricul- 
tural Engineers and want (1) 
to subscribe* to AGRICULTURAL 
ENGINEERING or (2) to receive 
information about ASAE mem- 
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sue? Then fill out one of the 
two mailing cards at the left 
and drop it in the mail today. 


Our‘Reader Information Serv- 
ice” clerks will see that your 
wants are promptly trans- 
mitted to sources of materials 
requested. 
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Rugged, precision built, for light, 
medium, and heavy duty applications. 
Standard equipment for many leading 
manufacturers of dump _ bodies, 
winches, hoists, road graders, 
mowers, pumps, hammermills, agri- 
cultural machinery, marine equipment 
and other power drive applications. 
Supplied with plain or needle bearing 
Journal Assemblies in a wide variety 
of yoke combinations. 


- STANDARD 
LENGTH 


Write for Free Engineering 
Literature, or send us your 
specifications. Neapco will 
design assemblies to meet 
your requirements. 

NEAPCO PRODUCTS INC., 
POTTSTOWN, PA., U.S.A. 


1957 * MARCH * AGRICULTURAL ENGINEERING 


—, yuan game etait A «i 


ee 


a 


SHORT 
LENGTH 


Top to bottom: 

* Safety Shielded Assembly for applica- 
tions where the drive shaft is exposed. 

@ Telescoping Drive Shaft. Square or 
rectangular tube and shaft ends. 

@ Unwelded Center Assembly. Tubular 

drive shaft to desired length. 
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' MEMBERSHIP 


The following is a list of recent applicants for 
membership in the American Society of Agricul- 
tural Engineers. Members of the Society are 
urged to send information relative to applicants 
for consideration of the Council prior to election. 


Anderson, Vernon L.— On duty with U.S. 
Army (Mail) R.R. 1, Box 96, Mabton, 
Wash. 


Autry, William E. Jr. — Agr. engr., (SCS) 


- a 
Ss 
a 


= 
- 


es 


” 


USDA, Pampa, Texas (Mail) 712 N. 
Dwight 


Avery, Bennet W.— Grad. student, temp. 
instr., agr. eng. dept., Pennsylvania State 
University, University Park, Pa. 


Blackwelder, Ernest F. — Pres. and gen. 
mgr., Blackwelder Mfg. Co. (Mail) P.O. 
Box 808, Rio Vista, Calif. 


Bratcher, Robert F.— Agr. engr., (SCS) 
— Osceola, Ark. (Mail) 1105 W. 
ord 


Bruns, James E. — Distribution analysis sec- 
tion of sales dept., Ford Motor Co., Trac- 
tor & Implement Div., Birmingham, 
Mich. (Mail) R.R. 4, Box 114, Opelika, 
Alabama 


Chudleigh, Clifford E. — Vice-president, 


Chudleigh Farms, Inc., Hockley, Texas 
(Mail) Box 4451, College Station 


Phone Van Buren 6-0800 


AMERICARS—SJSH!,,X_ 


SPRING & WIRE 
SPECIALTY CO. 


Manufacturers of All Type of Coil and Flat 
Springs, Wire Forms, Single and Double Rake 
Teeth and Light Stampings 


816-848 N. SPAULDING AVENUE 


200 
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CHICAGO 51, ILL. 


Cronin, Paul L. — Sales engr., Kelsey-Hayes 
Co., 3600 Military, Detroit 32, Mich. 


Davenport, Robert E. — Assoc. editor, 
Hoard’s Dairyman, Fort Atkinson, Wis. 


Davidson, Jack T.—Civil engr., Illinois 
Division of Highways, Springfield, Ill. 
(Mail) 1132 W. Monroe 


Engel, Clark C. — Owner, Engel Tile Base 
Co., R.R. 1, Palmyra, Mich. 


Golombisky, Clarence—Owner, Tile Drain- 
age Service, R.R. 2, Corunna, Mich. 


Grether, Tobias — Owner, Grether Agricul- 
tural Equipment Co., R.R. 2, Box 182-A, 
Camarillo, Calif. 


Gruben, Wayne E.— Engr. trainee, John 
Deere Spreader Works, East Moline, III. 
(Mail) 849 15th St., Moline, III. 


Hahn, G. Leroy—Agr. engr., (AERB) 
USDA, Columbia, Mo. (Mail) Texaco- 
town Trailer Court 


Hamilton, Harry R.-— Sales mgr., Willard 
F. Howland Co., Southampton, Mass. 
(Mail) 53 Hillcrest Rd., Glastonbury, 
Conn. 


Hebner, Theodore J.—On duty with armed 
forces (Mail) R.R. 1, Tremont, IIl. 


Hopkins, Elmer L.—Pres. and designer, 
Hopkins Mfg. Co., Saginaw, Mich. 
(Mail) 2145 W. Moore Rd. 


Jedlicka, George R. — Grad. student, Uni- 
versity of Illinois (Mail) 603 S. Elm, 
Champaign, Ill. 


Kraft, Lowell E. — Partner, Kraft and Son, 
Pigeon, Mich. (Mail) Box 164 


Lask, Kay V. — Grad. asst., Michigan State 
University, East Lansing, Mich. (Mail) 
123 Louis St., Apt. 4 


Legge, Travers — Farm bldgs. advisor, The 
Farmers Weekly, Hulton House, Fleet 
St., London EC 4, England 


Leinhauser, Joe P. — Engr. trainee, product 
eng. dept., John Deere Ottumwa Works, 
Ottumwa, Iowa 


Loop, James W. — On duty with the armed 
forces (Mail) Box 10442, Ft. Bliss, Texas 


Manro, Joseph E. — Test man, John Deere 
Ottumwa Works (Mail) 123 N. Iowa 
Ave., Ottumwa, Iowa 


Minzberg, Gedalia—Farm mgr., Tel Katzir, 
Post Jordan Valley, Israel 


-Nelson, John W.— Dir. of res., Michigan 


Blueberry Growers Assn., Grand Junc- 
tion, Mich. (Mail) R.R. 1, Box 17 


Netherton, James D. — Ext. agr. eng. spec., 
North Carolina State College, Raleigh, 
N. C. 


Ohala, Dwight J.—Engr., Convair, Pomona, 
Calif. (Mail) 2222 High Moor Rd., 
Highland Park, Iil. 


Rathbone, Ronald A.—Lecturer, Cambridge 
University Dept. of Estate Management, 
74 Trumpington St., Cambridge, England 


Rolfes, George A.—President, Rolfes Grain 
Aeration Co., 821 15th St., Boone, Iowa 


Schaffer, Robert L.— Maintenance engr., 
Green Giant Co., Glencoe, Minn. 


SwamyRao, Ajjampur A. — Student and 
grad. asst., agr. eng. dept., University of 
Illinois, Urbana, Ill. 


Wise, William G.— Electrical dev. eg 
Tennessee Valley Authority, Tupelo, 
Miss. (Mail) 417 Edney Bldg., Chatta- 
nooga, Tenn. 

(Continued on page 202) 
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cataros of 


Valuable 20-page illustrated reference catalog 
lists over 40 plans available from agricul- 
tural schools, Midwest Plan Service, Douglas 
Fir Plywood Association. All designs tested 
for efficiency, ease of construction. Write 
Douglas Fir Plywood Assoc., Tacoma, Wash. 
(Offer good in USA only.) 


PARTIAL CONTENTS: Hog Houses and 
Equipment e Cattle Feeders e Calf Shelters 
e Poultry Houses and Equipment e Grain 
and Feed Bins e Nut Dryers ¢ Many Others. 


USE ONLY EXTERIOR EXT-DFPA 


Fir Plywood 


for all ny, construction 


EXT-DFPA' 
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There’s greater per acre yield 


That’s why on farms and ranches across the 
. . around the world, you'll find more RAIN BirpDs than 
any other type sprinkler. 


nation . 


Made with a minimum of moving parts to wear or require 
servicing, RAIN BirDs stay on the job, performing day in 
and day out with maximum efficiency and dependability. 


Remember, if it hasn‘t the name... it 
isn‘t the same. Specify RAIN BIRD! 


For more facts circle No. 83 on reply card 
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Young RADIATORS OFFER 


--- MORE STRENGTH! 
LESS WEIGHT! 
BETTER PERFORMANCE! 


Rigorous conditions under which tractors, har- 
vesters, and other powered farm equipment must 
operate demand radiators of high quality— Young 
quality. Young high-strength radiators have re- 
straining core side baffles, corner web reinforcing 
and many other exclusive structural features. Over 
rough, broken terrain, with big loads, under vary- 
ing speeds, at high and low temperature, farm 
equipment radiators must be able “to take it.” 
That’s where quality counts . . . Young quality. 

Leading farm equipment manufacturers know 
that Young engine-cooling radiators are designed, 
developed, built, tested, re-tested, and proven by 
recognized and proven heat transfer spe- 
cialists. Your inquiry is welcome . . . 


there is no obligation. 


Write Dept. 297-C 
for FREE Catalog 


RADIATOR COMPANY 


RACINE, 


WISCONSIN 


Za - 
Cua 
Heat Transfer Products for Automotive, 
Aviation and Industricl Applications. 


HEAT TRANSFER ENGINEERS FOR INDUSTRY 


Heating, Cooling, Air Conditioning Products 
for Home ond industry. 


” Executive Office: Racine, Wisconsin, Plants at Racine, Wisconsin, Mattoon, Iilinois 


For more facts circle No. 84 on reply card 


201 


- = — (FREE) cpemmenes In Farm Equipment... 

i ae Cl yr 1Oa7 a ee 

BRE aR exterior pivwoon fill ee ei ot 

Ba FARM CATALOG 9") 3" ties cave 

= ent ee - ow 

s <p Ss Cr all 3 
4 _ |. AMR eeehe 

Es AP sR a 
Vi (aes \ 
A ee | | a me’ | ane 2 : ) 
ae ge ee MRR ifn tie “ 
ae eS sess sm Biche Lat eae TANG | 
a4 ee eaneil Me ne -_ Bry 
s ST 

eh sc alCeagae eae eke Sani Sigs a Ae 

ae - 1 GTB 

wih RAIN BIRDS “\\-@, 

oi WAY fry 
Ss in the field! FE Fae : 
re 4 ae _— 

ian mee : 

Peewee ee eee 

te ea ee ee 

- : ‘ay c ye eo 2 a See ae cece lagen 

ms 4 No. 30 

he 

a a Pi 
SS ee 

I NATIONAL RAIN BIRD SALES & ENGINEERING CORP. Young a ee 

= Ge «=. See che teen ao | 
Lo a | RAIN BIRD SPRINKLER MFG. CO. a 


\\ 
\\ 


\ 
y 


7 


Y 


i . oe 
Many =A 
{tee = a 
FOR BEST VALUE, buy Grade-Marked 
sheets, which show weight of zinc 
coating. And for longer, stronger 
service, specify heavy-coated 
roofing and siding such as the 
“Seal of Quality” 
... With galva- 
nized sheets, you 
get the strength 
of steel, the pro- 
tection of zinc. Preferred by thou- 
sands of users. Proved by time 
itself. Feature by feature, they’re 
your best buy. Check and com- 
pare with any other material! 


STRUCTURAL STRENGTH and 
rigidity; withstand 
rough treatment 


YEARS OF RUST-FREE 
SERVICE; little or 
no upkeep problems 


EASIEST TO HANDLE, lay and 
nail; stay put, hold at 
nail-holes 


LIGHTNING PROTECTION, 
fireproof, ratproof, 
pleasing appearanc 


LOW COST ALL THE WAY, 
to buy, to apply and 
thru the years 


wn a a nn ee 4 


\FREE!"DO-IT-YOURSELF" MANUALS, 


I write: AMERICAN ZINC INSTITUTE 
324 Ferry Street 
Lafayette, Indiana 


fo Facts About Galvanized Sheets 
Ha How To Lay Galvanized Sheets 
He Metallic Zinc Paint for Metal Surfaces 


Dept. AE3 
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. . . Applicants 


(Continued from page 200) 


Transfer of Membership 

Davis, Sterling—Agr. engr., (ARS) USDA, 
P.O. Box 435, Chinook, Montana (Asso- 
ciate Member to Member) 

Evans, R. C.—Sr. proj. engr., New Idea 
Farm Equipment Co., Coldwater, Ohio 
(Mail) 107 Ave. E, Greenville, Ohio 
(Associate Member to Member) 

Kline, Gerald L.—Agr. engr., (AMS, MRS) 
USDA, Washington, D.C. (Mail) Agr. 
Eng. Dept., Kansas State College, Man- 
hattan, Kans. (Associate Member to 
Member) 

Peart, Robert M.—lInstr. and res. assoc., 
University of Illinois, Urbana, Ill. (Mail) 
6 Penn Ct. (Associate Member to Mem- 
ber) 

Stermer, Raymond A. — Field sta. leader, 
(AMS) USDA (Mail) Agr. Eng. Dept., 
College Station, Texas (Associate Mem- 
ber to Member) 

Whitney, Lester F. — Asst. chict engr., 
Wirthmore Div., Corn Products Refining 
Co., 49 Clinton St., Malden 48, Mass. 
(Associate Member to Member) 


... Forum 
(Continued from page 186) 


materially from the slope of the water table. 
In that case, serious errors will not result 
from the substitution. Where 4 is large 
(Fig. 6), however, the gradients along the 


p 


Fig. 6. 


Flow system with impermeable layer at 
great depth below phreatic surface. 


streamlines are only a fraction of the slope 
of the water table, so that substitution of the 
latter for the former is not permitted (com- 
pare for instance the slope of the water 
table BC/PB with the actual gradient 
BC/AB). Therefore, the requirement that 4 
be large and the substitution of the slope 
of the water table for the actual gradients, 
seem to be two conflicting items. A more 
detailed analysis of this problem has been 
presented by Hooghoudt (1)*, which in 
part is mentioned by van Schilfgaarde et 
al(2). 
Perhaps the nearest analytical treatment 
of flow problems related to drainage and 
subirrigation has been presented by van 
Deemter(3). Both his and Hooghoudt’s re- 
sults indicate that as long as / is larger than 
about W/4, the impermeable layer can be 
considered absent (=). The position 
of the impermeable layer, or the quantity 4, 
can only have a measurable effect on the 
flow system if h<W/4. In the article in 
question, however, the product 4 x permea- 
bility appears in the final equation 19. 
This means that it could be possible to com- 
pensate for any decrease in permeability P 
by a corresponding increase in / as far as 
*Numbers in parentheses refer to ap- 
pended references. 


ditch spacing is concerned, even if these 
increases are made after / has already en- 
tered the region where its actual value is no 
longer of practical importance with respect 
to effect on flow characteristics (4>W/4). 
The theoretical weakness of equation 19 can 
be demonstrated by evaluating W for a hy- 
pothetical subirrigation system in solid rock 
where the permeability is zero but / is in- 
finite (or at least very large). 

On page 103 of the article, first column, 
a number of requirements are listed for sub- 
irrigation to be “practical and successful.” 
Since technically subirrigation can be prac- 
ticed under any condition, the words prac- 
tical and successful must refer to economical 
aspects. The requirements listed in the ar- 
ticle point to large W-values, so that in 
most cases the thickness of the water-bearing 
material 4 will be small in relation to W. 
However, there are areas in the world, 
where the economic levels are different and 
feeder lines are spaced as little as 30 ft 
apart. Under those conditions, 4 does not 
have to assume very large proportions to 
prohibit the use of equation 19 of the 
article. 

As an illustration, the following ditch 
spacings were computed with Hooghoudt’s 
equation and equation 19 of the article in 
question: 


u=0.28 in per day, d=0.5 ft, 5=20 ft 
Ditch Ditch 


spacing spacing 
according according to 


Permeability to Hooghoudt Fox et al. 
0.0000068 ft per sec 23 ft 45 ft 
0.00004 ft per sec 77 ft 110 ft 


As could be expected, the spacings by 
Fox et al. are greater than those by Hoog- 
houdt, especially at the higher 4/W ratios. 


Conclusion 


Summarizing the importance of the two 
problems in the design of subirrigation 
systems, it appears that the first problem may 
lead to overdesigned systems if the equa- 
tions by Fox ef al. are used (actual d larger 
than d used in the equation), whereas the 
second problem may lead to underdesigned 
systems (actual gradients smaller than slope 
of the water table used in the equation). 
There may be cases where the two effects are 
in balance, so that satisfactory results with 
the equations of the article in question are 
not precluded. 

A third comment refers to the statement 
“the Darcy equation of continuity” at the 
top of page 105, first column. This is a 
contradictio in terminis, since the Darcy 
equation only states that friction loss is pro- 
portional to flow velocity, whereas the equa- 
tion of continuity merely expresses the in- 
compressibility of the liquid and for two- 
dimensional flow is usually written as: 


dV ,/dx+dV,/dy=0 


HERMAN BOUWER 


Agricultural Engineering Dept. 
Alabama Polytechnic Institute 
Auburn, Ala. 
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150 vears or PUBLISHING = 


LOOKING FORWARD 


Robert Fulton’s marvelous steamboat 
fired the minds of forward-looking men 
when she churned up the Hudson 

in 1807. 


To the House of Wiley, founded that same year, 
the Clermont’s voyage opened up 


a new and exciting frontier in publishing. 


If America were to exploit her new industrial age, 
pioneering books would have to be provided. 

It is this demand — greater in 1957 than ever — 
that Wiley has been meeting successfully 


for one hundred and fifty years. 


Today, the Clermont’s atom-powered granddaughter 
slips through the seas... 
the scientific community continues to expand... 


and, planning for the future, 


John Wiley & Sons looks forward to publishing 
an ever-greater number of distinguished books 


in all areas of pure and applied science. 


JOHN WILEY & SONS, Inc. 
440 Fourth Avenue, New York 16, N. Y. 
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PERSONNEL SERVICE BULLETIN 


Note: In this bulletin the following listings 
current and previously reported are not repeated 
in detail; for further information see the issue 
of AGRICULTURAL ENGINEERING indicated. ‘‘Agri- 
cultural Engineer’’ as used in these listings is 
not intended to imply any specific level of pro- 
ficiency or registration as a professional engi- 
neer. Items published herein are summaries of 
mimeographed listings carried in the Personnel 
Service, copies of which will be furnished on 
request. To be listed in this Bulletin, request 
form for Personnel Service listing. 


POSITIONS OFEN — 1956 — SEPTEMBER — 
O-271-650, 305-651, 307-652, 292-653, 314-654, 
OCTOBER — O-330-655, 316-656. NOVEMBER 
O-252-657, 363-658, 365-660, 365-661, 365-662, 
382-663. DECEMBER — O-374-664, 374-665, 
384-666, 385-667, 388-668, 394-670, 393-671, 396- 
672, 401-673. 1957 —- JANUARY — 0O-414-675, 
416-676, 453-677, 8-701. FEBRUARY—O-14-702, 
14-703, 23-704, 23-705, 23-706, 12-707, 28-708, 


38-709. 

PosITIONS WANTED — 1956 — SEPTEMBER — 
W-359-30. OCTOBER—-W-315-31, 323-33, 328- 
34, 332-35. NOVEMBER — W-255-36, 379-37. 


DECEMBER -— W-366-40. 1957 — JANUARY— 
W-405-42, 413-43, 419-45, 422-46, 420-48. FEB- 
RUARY—W-364-47, 13-1, 33-2, 10-3. 


NEW POSITIONS OPEN 

AGRICULTURAL ENGINEERS (GS-5, 7, 9) 
for survey, design and supervising construction 
of soil and water control installations such as 
tile drainage, farm ponds, irrigation and erosion 
control measures; and for training and check- 
ing work of subprofessional help, with US Soil 
Conservation Service in Midwest. BS deg in 
agricultural or civil engineering or equivalent. 
Farm background desirable. Experience in line 
with civil service requirements for rating de- 
sired. Must be able to get along well with co- 
workers and farmers. Good health, initiative 
and appreciation for accuracy and neatness. 
Opportunity for advancement in the SCS and 
other US agencies. Salary $4480-$6115. O-21-710 


AGRICULTURAL ENGINEERS, also me- 
chanical and electrical engineers, (several) for 
work in product research, design and develop- 
ment of farm tractors and construction equip- 
ment. Advanced design, product design, de- 
sign analysis, research, stress analysis, vibra- 
tion, lab and field testing. Large manufacturer. 
Midwest locations. Age 24-40. BS or MS deg 
in agricultural, mechanical or electrical engi- 
neering, with mathematics through calculus, 
and machine design courses. Farm background 
and design and test experience desirable but not 
essential. Ability to work with others, and 
interest in work on farm tractors and construc- 
tion equipment. Variety of opportunities for 
advancement, on proof of ability to assume in- 
creased responsibilities. Salary open. O-52-711 


AGRICULTURAL ENGINEER, assistant or 
associate professor rank, for teaching and re- 
search in power and machinery at an eastern 
land grant university and to be in charge of one 
phase of the teaching program in the depart- 
ment. Age under 50. MS deg in agricultural 
engineering. Teaching experience in an agricul- 
tural engineering department required. Experi- 
ence in farm equipment industry also desirable. 
Interest in teaching and research. Ability to 
work well with staff members and representa- 
tives from industry. Excellent opportunity in 
expanding department, especially for work in 
cooperation with the farm equipment industry. 
Salary open. O-60-712 


FARM TOOLS DIVISION 


5 - rage fey eve igatens ; ; 7 ‘ 
PITTSBURGH FORGINGS CO. 


113 THORN STREET 
_ CORAOPOLIS, PENNA 


thy 
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PROJECT ENGINEER for improvement and 
development of tillage, fertilization, and chem- 
ical spray equipment for sugar cane production 
in Hawaii. Degree in agricultural or mechanical 
engineering plus a minimum of 5 years experi- 
ence essential. Family will be moved to Hono- 
lulu. Long vacation each three years plus other 
benefits. Salary open. O-45-713. 


ASSISTANT PROJECT ENGINEER to assist 
in improvement and development of specialized 
field machinery for sugar industry of Hawaii. 
Degree in agricultural or mechanical engineer- 
ing essential. Family will be moved to Honolulu. 
Long vacation each three years, plus other 
benefits. Salary open. O-45-714 


GRADUATE ASSISTANTS (several) for re- 
search in any fields of agricultural engineering, 
in a New Engiand land grant university. Ar- 
rangements can be made for teaching assistant- 
ships at the option of the individual. Research 
programs to meet individual needs, desires and 
abilities. BS deg in agricultural engineering 
or equivalent, with above average scholar- 
ship. Genuine interest in determining funda- 
mental relationships basic to the development of 
improved farm equipment, structures, soil and 
wate> practices, and crop handling methods. 
Immediate openings, others at convenience of 
appointee up to September 15. Excellent op- 
portunity to qualify for new staff positions in 
expanding department. Salary $2,000 plus 
tuition for one-half time. O-81-715 


JUNIOR PRODUCT ENGINEER for develop- 
ment improvement, field testing and prepara- 
tion for production of farm machinery, includ- 
ing forage harvesters and other feed handling 
and processing equipment, with established 
manufacturer in Bast. Age 22-30. BS deg in 
agricultural or mechanical engineering or 
equivalent. Livestock farm background and 
familiarity with use of farm machinery. Pre- 
vious employment in engineering farm equip- 
ment desirable but not essential. Intelligence, 
good health and ability to work with factory, 
office, and farm personnel. Good opportunity in 
expanding engineering department of reliable 
long-established company. Salary open. Going 
rates plus share in profits and other benefits. 
O-84-716 


HYDRAULIC ENGINEER for laboratory re- 
search on soil and water conservation structures 
for nation-wide application. Work includes plan- 
ning and conducting experiments, analyzing 
data, and preparing research reports. Upper 
Midwest. BS deg in engineering. Hydraulic 
laboratory experience desirable. Usual personal 
qualification for public service research. Excel- 
lent opportunity for interesting and valuable 
experience in one of the best equipped hydraulic 
laboratories, and for professional recognition 
and advancement. Salary $6115 or $7035. (GS 
5-9 or 11). O-70-717. 


NEW POSITIONS WANTED 


AGRICULTURAL ENGINEER for sales, serv- 
ice or farm management, power and machinery 
field or public works, with manufacturer or 
farming operation in Southwest or West. Mar- 
ried. Age 31. No disability. Available on rea- 
sonable notice. BS deg in agricultural engineer- 
ing 1951, Louisiana State University. Farm 
background. Precollege work as mechanic and 
logger Experience with FHA and SCS, in- 
cluding surveys and all phases of conservation 
program. Navy experience 2% years as gun- 
ners mate. Self-employed in trucking business. 
Salary $4800. W-61-4 


Part Name—Lower Link 
Weight—73 pounds 
Used on—farm tractor 


Material —C-1045 
Heat-treatment —double normalize, quench and draw 


. . . Members in News 
(Continued from page 184) 


Orson W. Israelsen, professor emeritus 
of irrigation and drainage at Utah State 
Agricultural College, and his wife have re- 
turned from a 50,000 mile trip to two dozen 
countries in Asia, Europe, and South Africa 
on a technical assistance mission. 

Mr. Israelsen served as professor of irri- 
gation and drainage at the University of 
Roorkee in India and later as consultant of 
drainage problems in Iran. In India, he 
organized a research project on control and 
pumping of ground water, and in Iran he in- 
spected large areas of salt and alkali lands 
which were at one time productive but are 
now barren. 

After leaving Iran, the Israelsens visited 
with irrigation engineers and agronomists in 
Baghdad, also the American University of 
Lebanon in Beirut. In Egypt they saw re- 
claimed land near Cairo, and after a short 
trip to Turkey, Greece and Italy they met 
Vaughn E. Hansen (professor at USAC) in 
Rome. They accompanied Mr. Hansen ot a 
field study of irrigation and drainage prob- 
lems in Angola, South Africa. On returning 
to Rome, they conferred with engineers of 
of the United Nations’ Food and Agricul- 
ture Organization. 

Mr. Israelsen reports that technical assist- 
ance is of great value to the world and 
should be strengthened and expanded. He 
says that U. S. geologists and ground water 
engineers are making substantial progress in 
India and elsewhere. The value of free 
enterprise is becoming more and more un- 
derstood in Asia as a result of United States’ 
technical assistance program. 

a 


V. R. Hillman, who has been on leave 
from the Virginia State Soil Conservation 
Committee, resigned to continue his work 
with the Foreign Agricultural Service of the 
U.S. Department of Agriculture. He will 
be stationed in Djakarta, Indonesia. 

o 

Charles F. Cromwell, Jr. has been 
appointed assistant professor of agricultural 
engineering at the University of Missouri. 
He will do research work in irrigation and 
cotton mechanization at the Southeast Mis- 
souri Experiment Station. Formerly he was 
engaged in the farming and custom cotton 
picking business in Imperial Valley of 
Calif. He was also drainage engineer with 
the SCS his last year in Imperial. 


Richard E. Crown has accepted a posi- 
tion with the New Idea Farm Equipment 
Co. in Coldwater, Ohio. Formerly he worked 
for the Detroit Harvester Co. 


A closed die forging is used to make this lower link assembly in one piece. 
Formerly the ends were welded to a center arm. But now the case hardened 
balis are inserted into a one-piece closed die forging. This is a complicated 
shop operation. However, it is also evidence of forging design knowledge. 
You can take advantage of this knowledge by letting our forging engineers 
design forged parts for your farm equipment. 
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**You find that out on your very first 
turn. You know how it is with most 
balers? How you have to swing wide 
...then jockey around to pick up the 
windrow? Not this Oliver 60! It’s 
almost like part of the tractor— 
stays on your windrows no matter 
how they snake around. Your power 
moves on a direct line from PTO to 


"Now here’s a baler that thinks 


flywheel. Same with your hay; it 
moves direct—no waste motion to 
shake out your leaves. Like most 
farmers, I’m working more grass- 
land these days. Sure glad I’ve got 
the farmer’s baler—I’ ve found Oliver 
gives me the power to produce at 
the lowest possible cost.” 


+ > 


te 


es a 


of the farmer” 


YOUR OLIVER DEALER Apps: ‘“Your Oliver 
baler saves your raking time, too: 
no worrying about windrows being 
just so. When Oliver thinks of the 
farmer—and that’s all the time— 
Oliver goes the whole way!” 


The Oliver Corporation, 400 West 
Madison St., Chicago 6, Illinois 


Buy your new baler 
on the 


“Pay as you Produce” 


purchase plan 
Ask your OLIVER Dealer 


> WOLIVER 


“FINEST IN FARM MACHINERY” 
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ENGINEERS 


Caterpillar Tractor Co. has openings for agri- 
cultural and other engineers to fill responsible 
Sales Promotion and Dealer contact positions 
in both the United States and foreign coun- 
tries. Advancement and security are certain 
for qualified men. Salaries and other benefits 
are well above the industry average. Accepted 
men are given thorough and diversified train- 
ing in preparation for a stimulating career. 


Here’s “Profit-Planning” 


in action: 


Applicants should be willing to travel. An 


ee fi engineering degree or considerable practical 
Ames “Profit-Planned” irrigation systems are experience is required. Men 35 or under pre- 
engineered to give peak production at lowest ferred, but positions are not restricted to this 
Write for @nnual cost. This individual planning by irri- age group. Engineers interested in challeng- 


helpful gation specialists means that costs for labor, 


ing careers should send full particulars of 


free book: water and pumping stay low while harvests . ; 
yBvying hit all-time highs! Write us, or ask your local experience and education to Mr. R. R. Haar- 
Sprinkler Ames dealer about “profit-planning” for low- low, Professional Employment Assistant. All in- 
Irrigation est annual cost...he offers a complete line quiries will be treated on a confidential basis. 
= your of equipment for every irrigation method... 

orm sprinkler, furrow, flood. EMPLOYMENT DIVISION 


“Profit-Planned” IRRIGATION SYSTEMS CATERPILLAR TRACTOR CO. 


Ww. R. A Mn iy C ). PEORIA, ILLINOIS 


mm 150 HOOPER STREET + SAN FRANCISCO 7, CALIF. 
Since 1910 Denver - Indianapolis - Tampa - Sydney, Australia 
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ALL BEARINGS 


NEW DEPARTURE 


_ 


ss on guard 
o” against dirt 
pr 


E A 
New Departure adapter ball bearings provide in- 
expensive mountings for many applications. 


They are precision bearings, pre-lubricated and 
efficiently sealed. Also available with stamped 
flanges, these bearings become complete, initially 
aligned units for quick assembly. 


Designed for moderate loads and speeds and for 
applications where alignment and concentricity 
ZA are not critical, the bearings eliminate need for 
Z shaft shoulders, ground bearing seats or press fits. 


TYPICAL APPLICATION OF NEW 
DEPARTURE ADAPTER BEARINGS 


New Departure adapter bearings—Type AE—may 
be used to especial advantage on implements and 
machines operating at moderate speeds. Bearings 
with loosely assembled flanges are slipped on the 
shaft and lightly bolted to side plates. After flanges 
are finally secured, locking collars are tightened in 
the direction of rotation and fixed by set screw. 
Dimensions and load ratings of various adapter 
bearings are listed in the latest New Departure catalog. 


wr Ls) 
Write for Catalog, 23rd Edition ‘@, 
SIC 
75 
eG 
SEE "WIDE WIDE WORLD" SUNDAYS—NBC-TV wl New Departure Adapter New Departure Adapter 
4 Bearing ~ Type AE Bearing — Type AE 
«eg with spherical O.D. with cylindrical 0.0. 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 


NEW DEPARTURE e DIVISION OF GENERAL MOTORS .e BRISTOL, CONN 
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EVERY MAKE OF FARM TRACTOR HAS TIMKEN BEARINGS; MORE AND MORE IMPLEMENTS ARE USING THEM, TOO! 
pi eo ce est: 6 smelt isc sete tia = Dos A cca ch acetal canitanaraa tibia, atte ieee taeda elie tains seco laethteieeelinecateter teats 300s: Beit 4 


How New Holland cuts costs, gets 
accurate alignment, in hay rake reel 


fp keep reel centers of their Model 55 Rolabar hay 
rake in accurate alignment under severe operating 
conditions, New Holland engineers mounted both 
ends of the reel shaft on Timken® tapered roller bear- 
ings. And by using popular high-production size 
Timken bearings, they also gained economical design. 
Because Timken bearings are tapered, they take both 
radial and thrust loads in any combination. Full line 
contact between rollers and races gives Timken bear- 
ings extra load-carrying capacity. And by keeping 
housings and shafts concentric, they make closures 
more effective. Dirt and moisture stay out. Lubricant 
stays in. One lubrication a season is usually enough. 


With Timken bearings, agricultural engineers find 
ready answers to three of their biggest problems: 1) 
combination loads; 2) dirt; 3) ease of operation. 
Timken bearings help farm machines perform better, 


| 
NOT JUST A BALL © NOT JUST A ROLLER (—) THE TIMKEN TAPERED ROLLER (> BEARING TAKES RADIAL LY AND THRUST ~{])- LOADS OR ANY COMBINATION 


last longer. We even make our own steel to insure 


finest bearing quality. We're America’s only bearing 
manufacturer that does. 


Field Engineering Service. Timken Company Field 
Engineers will gladly check your farm machine design 
and application drawings with you. They'll recommend 
the Timken bearings that will give you the best econ- 
omy and performance. The Timken Roller Bearing 


Company, Canton 6, Ohio. Canadian plant: St. Thomas, 
Ontario. Cable: “TIMROSCO”. 


The farmer’s assurance Tapered \oy=x} Roller 
of better design mR~ TIMKEN “Y BEARING 
EQUIPPED 
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